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Executive Summary — Air Quality Observation Systemsn the United States

Air quality observations are an irreplaceable sewfinformation needed to effectively develop
and implement public policy to protect public headhd the environment. Several hundred
million dollars are allocated annually by a numbgfederal agencies, together with state and
local partners, to maintain and operate the natiireéd monitoring networks, short-term field
studies, and satellite remote sensors. Howevefuthealue of data from these efforts is not
realized. Each type of observation has inherentdiions. Institutional barriers and resource
limitations currently impede our ability to maintasbservational capacity, synthesize
observations of various types and from differergranes, and adapt current systems to meet
observational needs as our understanding of alitgimproves and the atmosphere changes.

The value of air quality observations can be enédrxy coordinating the planning and
operations among federal agencies, which often bargatible monitoring requirements.
Coordination of measurements also facilitates auterparison of data, allowing limitations
inherent in data types to be addressed and moue w@lbe realized from observations. We
recommend creation of a multi-agency Working Graughorized (and with adequate new
resources) to identify measurement gaps to be sslelldoy member agencies. The Working
Group would also focus on making monitoring dataeravailable, interoperable, and usable,
and on adapting observation systems to emergingsss

This report catalogs a variety of air quality measuwent programs, including routine regulatory
and deposition networks, intensive field studieselites, and fixed-site special purpose
networks. Based on an analysis of these progrdmssexecutive summary enumerates
observational needs and issues, opportunitiesbargers to positioning monitoring programs to
assess current and emerging air quality issuerReendations are made to senior managers
and resource decision makers at federal agencgggyed in air monitoring programs (e.g., EPA,
NOAA, NASA, USDA, DOE, DOI) and associated statedl and tribal partners.

ES.1. Observational Needs and Issues

1. With the success of local and regional emissiomcedn efforts, distant/international
pollution and natural sources have greater relathgact on air quality. These are not
well characterized by existing observation systems.

2. Some air pollution health effects are likely muekager near certain sources, such as
major roadways, while routine air quality monitayiis typically conducted at fixed sites
further away from these sources.

3. Our understanding of atmospheric and depositiongs®es and emissions budgets is
insufficient to allow models alone to guide manyortant air quality decisions.

4. Satellite remote sensing observations have unigliee\and inherent limitations. They
particularly require intercomparison with fixed-wetrk and short-term field observations
and models.

5. Coordinated atmospheric, deposition, and effectsitoiong is needed to understand
deposition impacts on aquatic and terrestrial extesys.

6. Global climate change will affect pollution emisssoand atmospheric processing;
observation systems must document and adapt te thesges.



7. Observation programs need to be developed to theckrogress of future emissions
management programs for climate forcing pollutants.

8. Insufficient attention is given to precursors oboe and particulate matter, which must
be monitored to assess emissions control strategies

9. Air quality models and forecasts rely on measunets for improvements in initial and
boundary conditions, and for evaluation.

ES.2. Opportunities

1. Satellite remote sensing of air quality and emissiis rapidly maturing in its capability
to augment and extend the spatial and temporakageeof fixed-site monitoring
networks and short-term special studies.

2. Air quality models are able to augment observatioitls credible spatial, temporal, and
compositional information lacking in the measuretaen

3. Enhanced access to observations, metadata, anespiog tools provides an efficient
mechanism to harmonize data from disparate measmtsrand assessment programs
and data of various types.

ES.3. Barriers to Progress

1. Federal budgeting practices do not adequately addoag-term maintenance and
updating of observational infrastructure.

2. Agencies often support their own priority prograashe expense of joint efforts that
have significant national interest. For exampleyJew data are available to characterize
the increasing concentrations of pollutants trartsgoacross the Pacific.

3. Use of data from advanced technologies, includatglites, is limited by inadequate
resources for transferring data and tools for daaipulation.

4. Weak market incentives inhibit the commercializatad advanced methods in the
absence of a government mandate of the method.

ES.4. Recommendations

1. Establish a standing multi-agency observatiors fa€e that reports to senior managers
and/or resource decision makers, and

conducts periodic adequacy reviews of the natiobservational capabilities,
identifies gaps and overlaps among programs,

builds cooperation and coordination among goverdrpesgrams,

establishes minimum standards for program designémentation,

promotes the use of common data formats and conuatimms protocols,
identifies opportunities for development of, andieg/s / recommends use of,
new observational technology.

~Poo oW

This task force would operate as a Working GroufhefAQRS.



2. Address current observational gaps that requiieram part to:

a.

initiate monitoring of reactive gas and particulatigogen compounds, which are
precursors of ozone and particulate matter, cautrils to acid deposition, and
nutrients in ecosystems,

collocate instrumentation at core measurement &técilitate inter-comparison
with satellite observations,

expand observations in rural/remote areas to measgronal backgrounds and
contributions from long-range transport of pollutgn

establish monitoring in near-source areas to ttakds and better understand
observed near-source health effects, and

expand intensive field studies designed to elueidatical processes that
determine atmospheric concentrations of ozone artitplate matter and other
air pollutants.

Vi



1 Introduction

Observations of air pollutants in the troposphsueh as ozone, particulate matter, and
their precursors, together with meteorological ¢tols and other physical parameters,
are essential to our understanding of air pollutiod are key inputs to a variety of
assessments supporting environmental decision-makimese include studies of the
effects of air pollution on human health, ecosysteamd agriculture, assessments of air
guality management strategies and policies, and veounderstand the chemical state of
the atmosphere, for example to study the links betwair quality and climate. The high
financial stakes surrounding air quality managena¢sd necessitate thorough
observations of atmospheric composition, given tihatcosts and benefits associated
with Clean Air Act requirements are estimated t@whehe order of tens of billions of
dollars per year (NRC, 2004). Because of thesesiveeeds, a variety of federal
agencies and organizations make, process, anthese observations. These agencies
share common information needs. Opportunities égisicrease the value of air quality
observations by integrating them across environatenédia, pollutant categories, and
spatial scales.

Decision-making with air quality observations alaoes a number of current and
emerging challenges, such as the need to assesldbis of pollutants in the context of
other pollutants, as they cross between environmhemedia, at various spatial scales,
and in a changing climate. Air quality monitoringsgems are also challenged by the
need to establish scientifically defensible basetioncentrations and to track
environmental response to expected major energgawidonmental policy shifts.
Against this backdrop of demands on air qualityepbation systems are an array of
resource, technological and institutional barnensch impede the maintenance,
evolution, and integration of measurement netwariklsin and outside North America.

The value of air quality observations can be enédrxy coordinating the planning and
shared operations among federal agencies, whieh bfive compatible observational
requirements. Coordination of measurements alshitédes intercomparison of data,
allowing limitations inherent in data types to luleleessed and more value to be realized
from observations. This report on observationsirofj@aality is intended to (1) describe
the basic content (i.e., measurement parameteatjdos, sponsoring organizations) of
ambient monitoring and other air quality observagiamostly in the United States; (2)
identify gaps and opportunities to enhance theevaftthese measurement programs
through inter-agency cooperation and collaboratéot (3) advocate for sustaining and
improving our nation’s observation systems. Sucprowements in our ability to make
and utilize ambient measurements are thematicaltgistent with recommendations by
the National Research Council (NRC, 2004) on imprgair quality management
practices. The targeted audience is extremely baoddncludes policy and decision
makers as well as a broad technical community aflamic, private sector and
government researchers and technical staff engaga@/ironmental assessment. To
communicate to this diverse audience, this summepgrt expands the discussions on
issues and recommendations, while the appendicegdera more comprehensive
inventory of monitoring networks and observatioagyrams.



1.1 Current and Emerging Air Quality Assessment Chlenges

Over the last two decades, air quality managenmetitd United States has focused on
regional scale air pollutants such as ozpaejculate matter, and acid deposition, all of
which remain issues of concern for the foreseefitlee, especially if air quality
standards continue to tighten. Traditional managesieategies typically take an
independent, specific approach to target monitodimgontrast, emerging challenges in
air quality management are influenced by an assortiof factors requiring a more
comprehensive and well-integrated assessment frarkew

Multiple pollutants — Several pollutants are enditbyy common emission sources,
and patrticipate in similar atmospheric chemical phgsical transformation and
loss processes. As a result, populations are eftpnsed to multiple pollutants.
Our current air quality standards and air qualignagement framework, based
on the Clean Air Act, are single pollutant prograis quality management is
attempting to move to a multiple pollutant approdmt measurement systems
are currently structured to support single-pollt&ssessments.

Multiple environmental media — The atmosphere asely coupled with
terrestrial and aquatic systems. These systemaa@@ sinks for air pollutants,
leading to effects on ecosystems from acids, migjeand toxics. In turn, soils,
vegetation, and aquatic systems re-emit mercurypansistent organic pollutants
(POPs), and meteorology and climate affect bioganatbiomass burning
emissions. These linkages require a broader pargp@n environmental
monitoring, which traditionally addresses issuespmnsolated media basis.
Monitoring coordinated across media will be reqaiite assess progress
mitigating the effects of atmospheric pollutionfman health, ecosystems, and
agriculture.

Multiple spatial scales — Long-range (inter-regiaarad intercontinental) pollutant
transport is becoming important as local emissaresreduced and transport
across U.S borders increases, reflecting expandeld dwevelopment.
Meanwhile, concern is growing about the near sduvadway environment,
where a majority of the North American populationes$, exposure is high, and
the chemical environment is dynamic and poorly ustded. These scale issues,
at opposite ends of the spatial spectrum, challémgeurrent assessment
framework that emphasizes regional air quality nganaent.

Climate-air quality interactions — The bi-directadinteraction between air
quality and climate change will be increasingly ortant for air quality
management. A variety of emissions, atmospheriondstey, and transport
processes that affect air quality are modified lopate change. Conversely,
several air pollutants, particularly ozone andipatate matter, are significant
climate forcers, and air quality changes impactospheric and emissions
processes, impacting climate. Moreover, climatedos and conventional air
pollutants are largely emitted from common sour@smsequently, emerging
energy policies designed for moderating climate pwitties designed to improve
air quality are intrinsically connected, and measwunt system design should
account for this link.



Moving forward, air quality observations systemd need to provide the data needed to
assess progress in light of these emerging chatemywide range of observations will
be essential for this work. Observation strategiesuld enable detection of expected
modifications in atmospheric chemistry brought grchanging technologies and fuels,
energy policies addressing climate change, ancteespecific control technologies.
Furthermore, managers will need tools to link caarse effect, despite the complex,
multiple changes occurring in emissions and climate

Addressing these challenges would also addressad@allenges that were highlighted
in three recent reports from the National Academie&lobal Sources of Local

Pollution: An Assessment of Long-Range Transport of Key Air Pollutants to and from the
United Sates (NRC, 2009a), improved satellite observationsjtun sionitoring, and
intensive field campaigns were all highlighted as/svto improve our understanding of
air pollution transport. IAir Quality Management in the United States, (NRC, 2004) the
highest priority recommendation for improving airadjty management was to
“[s]trengthen the scientific and technical capaaotyhe [air quality management] system
to assess risk and track progress.” Carefully sesigand maintained monitoring can
contribute to this progress by improving our untierding of ambient concentrations,
emissions, transport, and deposition and by immgwodeling through more complete
data for model evaluation. Another of the paneil/e fecommendations was to
“[e]lnhance protection of ecosystems and other asmpégublic welfare.” Improved
monitoring can contribute to this goal by trackohgposition, which impacts agriculture
and ecosystems, and visibility degradation. Anoltetional Academies report,
Observing Weather and Climate from the Ground Up: A Nationwide Network of

Networks (NRC, 2009b), cited four types of observationghas*highest priority
observations needed to address current inadequeaaliesf which are relevant for air
quality monitoring:

Height of the planetary boundary layer

Soil moisture and temperature profiles

High-resolution vertical profiles of humidity

Measurements of air quality and related chemicalmasition above the surface
layer

o0k w

Given these assessment challenges, complex mitigsiiategies, and changing climate,
prospective observation systems design should@ttpliecognize the utility of linking
models and observations.

1.2 Uses of Air Quality Observations and Perspectévof this Report

The observations surveyed in this report are usedanitor, elucidate, and assess air
pollution to support diverse types of environmetatision-making and assessment. It is
useful to segment out four broad disciplines oaddients to illustrate the purpose and
limitations of this report to readers with a braadpe of perspectives: Health and
Exposure, Ecosystems, Air Quality Management, aimo&pheric Processes and
Climate. The demarcations among these four commegrare often blurred, with
considerable overlapping of assessment and datks naed in practice the natural



integration of interests across these disciplitesill be taken into consideration.
Nevertheless, it is important to consider the défe perspectives of these communities.

Moreover, this report is written from the perspeetof understanding the condition and
processes of the atmosphere; many of the obsengatieeded by these communities are
not surveyed here. The focus is on the common rfeewfsair quality observations.

Assessment of human exposure and health effecRelating health effects to observed
concentrations of pollutants is a critical useiolgaality observations. Given the expense
associated with designing, deploying, and operaingpnitoring network,
epidemiological studies of the health effects ofpaillution typically use data from
existing monitoring networks. For example, Popal e€2009) used measurements from
EPA monitoring networks to show that decreasedMia $concentrations lead to
increased life expectancy.

However, using current monitoring networks for epidological studies of air pollution

is challenging. Monitoring networks depend on obagons from small numbers of
instruments to characterize the air quality in dropolitan area, so those instruments are
placed in representative areas that may not cafitereange of concentrations to which
people within the area are exposed. Likewise, moing networks of criteria pollutants
are designed to provide pollutant levels over araying time defined by the national
ambient air quality standards (NAAQS), which caover limiting for some studies.

For measurements not directly related to compliavitte air quality standards, such as
speciation of particulate matter or ozone in thetar in many areas, which is well below
air-quality standards and thus not closely mondptke frequency of measurements can
be considerably lower than ideal for epidemiolobstadies.

When data from an existing monitoring network asedito study health effects, the
research is limited to the chemical species beiagsured by the network, as well as by
pre-determined measurement periods and spatiatageeln this way, the design of
monitoring networks affects the health effects aesie that will depend on data from
those networks.

It is important to note that health impacts areghmary inputs into the evolution of
NAAQS, which in turn influence monitoring designth®r types of health impacts
research complement the epidemiological studieslwhse ambient monitors, but the
inter-relationship of the monitoring design andltteaffects studies illustrates the need
for careful design of ambient monitoring programs.

Ecosystem and welfare assessmenEcological health indicators are not addressed in
this report, nor are physical and chemical propsntif aquatic and terrestrial system.
However, atmospheric observations are a majorgfatological effects assessment
efforts, either directly or through air quality medd. Watershed acidification,
eutrophication, and direct damage to vegetatioregaenples of major ecosystem welfare
issues linked directly to atmospheric characterastudies. The ecosystem assessment



community is an important client of air quality epgations, using these data as inputs to
ecosystem exposure models and as trend indicatiatsng the effectiveness of emission
strategies on atmospheric deposition. The charaatem demands for ecosystem
analyses may be as demanding as those associdlelduman health and exposure
communities given the spatial heterogeneity of teggmn, soil types, and microclimates
within and across watersheds and ecosystems fieat atmospheric deposition.
Furthermore, most of our monitoring stations asgriiuted according to population-
weighted criteria, creating major information gapsensitive ecosystems. Air pollution
can affect ecosystems via more complex exposuhavags, relative to human health,
complicating the relationship between ambient catre¢éions and ecological effects, and
illustrating the need for interoperable data systeapable of using multiple types of
observations and model outputs.

The 2004 NAS study mentioned above (NRC, 2004) exsighd the linkages between
atmospheric and terrestrial and aquatic mediah@bend, this report emphasizes the
importance of atmospheric nitrogen measurementgjar input for downstream
ecosystem models and an area with considerablalkspamporal, and species
observational sparseness.

Air Quality Management. Air quality management practice includes thetdsthment
of human- and ecosystem-health-based standardbasdbsequent development of
rules, programs, and implementation steps desimadhieve the emission changes
needed to meet air quality targets. The cyclic reatd air quality management reflects
both the evolution of air quality standards (basedmproving knowledge of the effects
of air pollution) and evaluation of whether implemed programs produced intended
results. In recent years, air quality managemesisbaght more direct evidence of the
connections along the source-to-effects continuamd, of the relationship between
emissions changes and air quality improvementsetter assess the effectiveness of
emission strategies.

The regulatory nature of air quality managementsi@as places special demands on the
observations used to support this work. Ambient ibeoing of criteria air pollutants such
as ozone, particulate matter, etc., is designdx tased to determine if an area is
compliant with a specified NAAQS. Only certified asirements from Federal
Reference or Equivalent Methods (FRM/FEM) can lexlder comparison to the

NAAQS. However, FRM/FEMs have not been establidbethazardous air pollutants. In
practice, the lack of a FRM/FEM significantly himdeeommercialization of

technologies, effectively preventing wide deploytneina monitoring method.

Major aspects of air quality management includectyaic review of air quality

standards and the development and review of impiéatien plans which describe how a
jurisdiction will come into compliance with standar Air quality observations,
particularly from ambient monitoring, are critidalthis work. However, atmospheric
models are an essential part of this process. €helopment and evaluation of models is
discussed in the next section.



Understanding and forecasting atmospheric processesd air quality-climate links.
This category considers data uses associated mjitoving characterization of physical
and chemical processes underlying pollutant re|aesesformation, and removal. These
disciplines have important client and provider spl@cluding development, evaluation,
and improvement of numerical atmospheric chemistogels. Models are critical
components in air quality management and assesshaintquality on health,
ecosystems, and climate. They are fundamentallyimed| for future predictions, such as
air quality forecasts, climate predictions, or pcadns of response to future emissions
changes. However, they are also a key complementigervations in understanding the
current or historical state of the atmosphere.

A core mission of the atmospheric science commusity advance the ability to
characterize the five-dimensional (space, time,speties) chemical state of the
atmosphere. The limited coverage in all five ofshdimensions limits the utility of
routine observations in atmospheric science apphies. The practical advancement of
this ability depends on iterative use of both atphasic observations and models, as
neither is sufficient to characterize the atmoseheth the detail needed to support
applications.

As surveyed in Chapter 2, both intensive field caigps and observations from space
provide valuable measurements not captured inmeuwtbservation networks. For
example, these observations constitute most ofmasurements of pollutants above the
surface layer, and almost all direct observatidnater-regional or intercontinental
pollution transport. These measurements have hadtdinpacts on the air quality
management process. For example, results fromeakasTAir Quality Study were
incorporated into the ozone State Implementati@m Rbr the Houston area within two
years: Satellite observations have played important risiésproving the quality of fire
based emissions in EPA’s emissions systems fomdyiir quality models. In the
absence of an adequate surface-based networkitsaibtervations have been used to
demonstrate the progress of major national progtamsduce emissions of oxides of
nitrogen.

Integrating these various types of observationk wite another and with models to
produce the best five-dimensional characterizatioair quality is a significant scientific
and information technology challenge, even in @aesh setting. Integration for
decision-support purposes, for near-real-time fasgog applications, and other
operational purposes is even more challenging. &feitent work and examples have
shown the value of this approach as agencies tedeé challenges discussed in section
1.1, significant hurdles prevent realization ofagex value from these observations and
engagement of a broader user community

Perspective of this report. As mentioned above, this survey of air quality ebaton
systems considers the major systems which aretasgthracterize the physical and
chemical state of the atmosphere for the purposssdssing air quality, and then in turn
the impact of air pollution on human health, ectays, and climate. As such, the survey

! http://www.tceq.state.tx.us/implementation/air/aidtexags




considers many of the observations needed to agsepsality management and many
significant related observations needed to undedsaédmospheric processes and air
quality-climate links. Developing methodologieseftectively integrate various types of
observations, and models, to best characterizévelimensional state of the
atmosphere, is an important challenge that thisrteqonsiders in Section 3.2.

This report does not attempt to capture the mageds or existing gaps of our
observation programs as they support human expasuréealth effects studies or
ecosystem impacts studies. Human exposure assessgeeerally place added demand
on observations, for more highly resolved temparal spatial data reflecting the
complex distribution and exposures of populatioms iadividuals. Nor does this report
directly address integration of ambient air quatibservations with other data needed for
health or exposure assessments.

The challenges facing human exposure and heakltefare similar to those faced by the
air quality management and ecosystem exposuresassascommunities - the desire for
richer observation sets in species, spatial, amghdeal resolution. Coordinated planning
and deployment of observing systems between tteeencnities and the agencies and
offices that serve them will allow these commusitie realize more value from existing
and future observations.

1.3 Relationship to Other Strategies and Organizationabtructures

Over the last several years a number of obsenaltgirategies and umbrella
organizations have formed that convey and pronmdggration across disciplines and/or
organizations, with goals similar to those discddsere. Some of these efforts are
focused on air quality or atmospheric chemistryilevhome are far broader. These
strategies and organizations include:

GEOSS/GEO/USGEO- The Global Earth Observation System of Syste€aiqSS

- http://www.earthobservations.org/geoss.shisian overarching framework
coordinated and promoted by the Group on Earth @agens (GEO), a international
voluntary partnership of national governments arternational organizations.
GEOSS is envisioned as a multidisciplinary systéraystems which will use
standards and interoperability to make all typeEarth science data more findable,
accessible, and useable for decision support. 2006, GEOSS has spurred a
variety of U.S. programs in NASA, NOAA, and EPAdntled to link a range of air
guality observation systems and facilitate inforimatccess through information
technology standards and prototype systems. Theddv&rnment response to
GEOSS is coordinated by the U.S. Group on Eartre@hsions (USGEO), organized
as a subcommittee under the Committee on Envirohar@hNatural Resources
(CENR).

IGAC / AC&C — The International Global Atmospheric Chemistry (IGA
http://www.igac.noaa.ggyprogram was created in the late 1980s to ad@dresgng
international concerns about atmospheric chan@Clis jointly sponsored by the
Commission on Atmospheric Chemistry and GlobalwRimh (CACGP) of the




International Association of Meteorology and Atmlespc Sciences (IAMAS) and
the International Geosphere-Biosphere ProgrammBR)GIGAC has initiated or
coordinated much of the research of the last defsaesing on chemical
composition, transformations, and transport inttbposphere. Together with the
SPARC (Stratospheric Processes and Their Roleimat#) project of the World
Climate Research Programme (WCRP), IGAC has sténmedtmospheric Chemistry
and Climate (AC&Chttp://www.igac.noaa.gov/ACandC.phpnitiative, which
examines the interplay between chemistry, chenyieative species, and climate
change.

IGACO - Integrated Global Atmospheric Chemistry Observation
(http://www.igaco-03.1j is a strategy for bringing together ground-basédyaft, and
satellite observations of 13 chemical speciesanatimosphere. IGACO will be
implemented as a strategic element of the Globado&pheric Watch (GAW)
program of the World Meteorological OrganizationNM¥). IGACO will be

organized around four focus areas, one of whiciriguality / long-range transport.
IGACO provides specific recommendations on measantparameters and
facilitates integration across satellite and grobhasded stations. Although IGACO is
focused on large, global-scale characterizatidresstrategy provides useful guidance
that should be considered in any air-based observatogram design. Several of the
core IGACO measurement parameters, (@O, NG, CO, CQ) are important
regional- and urban-scale air quality indicators.

MACC — Monitoring Atmospheric Composition and Climate
(http://www.gmes.info/pages-principales/projectstagphere-projects/magdACC

is a recently-initiated collaborative effort, fumtley the European Commission, to
monitor global distribution and long-range trangpdriong-lived greenhouse gases,
aerosol, and reactive pollutants which degradguatity. MACC's product lines
include data records on atmospheric compositiomdoent years, and current data for
monitoring present conditions and forecasting tis&iution of key constituents for

a few days ahead. (MACC is a continuation of theMSEand PROMOTE programs
under GMES, see above website for details.)

NARSTO —NARSTO (ttp://www.narsto.org/is a North American public-private
partnership of government agencies, industry, @ademic institutions that sponsors
a variety of workshops and assessments addressirentair quality research
interests. NARSTO traditionally has focused ondtreospheric sciences with
assessments addressing ozone and particulate miagetlution, emissions
inventories and, more recently, multiple-pollutamtquality management. These
assessments generally complement preceding NA&staddressing air pollution
management. The NARSTO Data archive stores a datad variety of intensive

field campaigns. NARSTO originally was called therthh American Research
Strategy for Tropospheic Ozone (NARSTO) and siraedbandoned that acronym in
keeping up with current priority air quality issues




NAAMS — The National Ambient Air Monitoring Strategy
(http://www.epa.gov/ttnamtil/monitor.htrhwas developed jointly by the EPA and
numerous State and local agencies. Developed ieaftg part of the 2000s, NAAMS
(Scheffe et al., 2009) was intended to make mdreiait the design of U.S.
regulatory-based networks supporting developmeantrajuality standards and
emission control strategies. The multiple pollutsational Core network (NCore,
see section 2.1) emerged from the NAAMS process.

The scope of this report is broader than that @NIAAMS for routine networks, though

it is focused on U.S. federal agency programs @uwatognizing the importance of
international transport and climate on U.S. airliqgla Section 2 presents a broad
overview of air quality monitoring and observatjgmmgrams that include routine surface-
based networks, intensive studies, satellite olasens, vertical profile measurements,
and other special purpose networks. Section 3 addsdassues associated with
maintaining and advancing these programs to assesnt and emerging air quality
issues. Section 4 recommends establishing a sgnaitti-agency task force for
addressing a variety of air monitoring issues atated data gaps that require
coordination and/or action.

This report is presented by the Air Quality Resk&abcommittee (AQRS) of the
Committee on Environment and Natural Resourcesie&sribed in section 4, this report
recommends establishment of a standing Working @oouair quality observations.
This group would report to AQRS.



2 Overview of Observation Programs

A variety of measurement programs support air tppasessments. These include:

* routine regulatory and deposition networks

* intensive aircraft and ground-based field studies

» radiosonde programs

» satellite measurements

* ground-based remote-sensing networks

» focused, fixed-site, special purpose networks
Brief overviews of these systems are provided laaséc inventory to help frame
subsequent discussions on strengths, gaps, antmesedations. More detailed
information is available in the appendices.

Major networks currently operating are emphasizefitrence to other networks that
have been discontinued, or that were only interided specific operating period, is also
provided. The focus is on routinely operating Noktherican networks, with limited
mention of European and international efforts ratéwo North American assessments.

2.1 Routine Surface-Based Ambient Air and Depositn Networks

Routine ambient air and deposition monitoring neksan North America provide over
3000 fixed platforms (Figure 1) measuring numergaseous species and aerosol
properties; see Appendices A and B. As describémhhenany of these longstanding
U.S. networks have been required or catalyzed &y 870 Clean Air Act (CAA),
subsequent CAA amendments, National Ambient AirliQu&tandard (NAAQS)
reviews, and National Academy of Sciences (NASpmamendations fostering periodic
adjustments to our routine networks. Federal reguia describe how sites in these
networks are to be located, and describe the Heldefarence Methods (FRM) or
Federal Equivalent Methods (FEM) for the measurémerade at many of the required
sites.

Examples include the Clean Air Status and Trends/di& (CASTNET) and National
Atmospheric Deposition Program (NADP) addressinidiication; the Photochemical
Assessment Measurement Stations (PAMS) in resporsersistent ozone pollution, and
the PMy, smonitoring networks following promulgation of th897 NAAQS.

Most routine air quality monitoring stations in ti& are owned and operated by nearly
300 state and local governmental and Tribal agen@ieese state and local air
monitoring sites (SLAMS) are the principal sour¢@mbient measurements of the six
criteria air pollutants (ozone, nitrogen dioxidartwon monoxide, sulfur dioxide, lead,
PM;o and PM ), each of which has one or more NAAQS specifyirgpeacific
concentration level and averaging peribttd://www.epa.gov/ttn/naagsMost of these
networks also include stations operated by fedmgahcies, typically in rural / remote
sites. These networks are indirectly supporteddbgrsive meteorological networks
(Appendix C).
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The national air monitoring regulations for U.Sograms are codified in the Code of
Federal Regulations (CFR) parts 50, 53 and 58. iRgrfdr these programs is through
CAA Section 103 and 105 federal grants to ageramelstribes. States and local agencies
are required to match federal Section 105 coniiobst

Ambient Air Monitoring Stations in the US
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Figure 1. Aggregate map of the majority of routine U.S. moniitg stations illustrating relatively broad
coverage across the continental U.S. Note spgjad in sparsely populated areas.

Criteria Gas and Ozone Precursor Monitoring

Criteria gas networks -- Approximately 1500 surface stations measure some
combination of criteria gases, with nearly 110@hafse stations measuring ozone, using
FRMs or FEMs. Several hundred monitors report cotmagons for CO, S@and

NO/NOx. The majority of these stations are SLAMB@gh Federal Agency networks
such as CASTNET, National Park Service (NPS) mositand a variety of special
purpose monitors provide additional coverage (ppeadix). CASTNET and NPS
provide the majority of rural criteria gas platfam

Photochemical Assessment Monitoring Stations (PAMS} Approximately 75 sites in
22 cities were deployed by state and local agemcidse early 1990s to measure ozone
precursors, largely in response to a 1991 NatiBealkearch Council study. PAMS and
the air toxics network (see below) provide the mgjaf routinely available non-
methane organic carbon (NMOC) measurements. A nupfli@2-C10 alkanes and
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alkenes, aromatics, formaldehyde, and acetaldetwgdmeasured using a combination of
continuous methods and sampling techniques ovan®24-hour collection periods,
often limited to the ozone season (April — Octob&he 1990 CAA Amendments
required areas classified as serious and aboveresiect to contemporary (1990-1992)
ozone NAAQS to implement PAMS, with minor modifiats since then. Most VOC
sampling sites include instrumentation foy &d NO/NOX.

Particulate Monitoring

PM; 5, PM1g and PMyg.2 5 Mass Networks-- The 1997 promulgation of a fine particulate
NAAQS (EPA, 1997) led to deployment of over 1500 RMites (about 1000 currently)
used to determine whether an area complies witktdredard. These sites use an FRM or
FEM, sampling over 24 hours daily or every thirdsoith day. Nearly 300 additional
measurements not meeting FRM or FEM specificatesagprovided by the chemical
speciation sites (see below). Approximately 60@iata provide indirect measurements
of continuous (hourly resolution) PMmass using a variety of techniques. To date,
continuous PMsmass measurements have not been granted FEM sittihasigh the
revised monitoring regulations issued in 2006 (ER@Q6) provided new approaches for
demonstrating equivalency. This was intended tonote broader deployment of these
methods.

Approximately 1000 PN samplers (24-hr sampling period, typically coléstevery 8
day) remain in operation. Although a PM sstandard has not been promulgated, EPA
developed a PM.,sFRM based on mass difference of concurrenifavid PM s
measurements. Such RM smeasurements are planned for the 75-site NCoreonletw
(see below).

Interagency Monitoring of Protected Visual Environments (IMPROVE) Program --
The IMPROVE network, with over 100 sites, has pded nearly a two-decade record of
major components of PM (sulfate, nitrate, organic and elemental carbantions, and
trace metals) in pristine areas of the United Stédee Figure 2. IMPROVE is led by the
NPS; various federal and state agencies supporatiges. The primary focus of the
network is to track visibility and trends in vidiby.

PM, sChemical Speciation Monitoring --In addition to the IMPROVE network, over
300 EPA speciation sites were added from 2000 2 20@rban areas of the United
States to assist PMassessment efforts. No FRM exists for particulpeegtion, which
is not directly required to determine attainment] ¢ghere are slight differences between
monitors and methods used in the STN. Howevemd#teork’'s coverage (Figure 2)
across urban and rural areas has proved essanmtalfide range of research and
analysis. The speciation networks typically colle@4-hour sample every three, and
sometimes six, days. Daily 24-hour speciation ctilbe is limited to occasional efforts
in the SEARCH (see below) network. Similarly, oalyraandful of sites provide near
continuous speciation data, usually limited to s@m@bination of sulfate, carbon
(organic and elemental splits) and nitrate. Thisbdes insight into diurnal patterns for
diagnosing various cause-effect phenomena relatechtssions characterization, source
attribution analysis and model evaluation. In additthe National Air Toxics Trends
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Stations (NATTS, see below) include aetholometeasneements used as a surrogate for
elemental carbon.

Speciation SLAMS
IMPROVE
Speciation Trends Sites

L]
E
¢ Continuous Speciation Sites with Multiple Measurements

Figure 2. Locations of chemical speciation sites delineateg@rogram type.

SouthEastern Aerosol Research and Characterizatio(SEARCH) Study -- This

study experiment is an industry funded network sit8s that originally emerged from

the Southern Oxidants Study (SOS) in the 1990shasdperated for nearly a decade.
SEARCH provides an array of standard criteria galitimeasurements but also includes
daily PM speciation at selected times and locatigaseous ammonia, reactive nitrogen
(NOQy), and true nitrogen dioxide (i.e., a measunenoé NO, concentration unaffected

by other nitrogen oxides, which contaminate FRM,M@@asurements, see section 3.1.1).
These measurements are not available in the may@rgment-funded routine networks.

PM Supersites Program-- This program (Solomon et al., 2008) provideghiy
resolved aerosol measurements at eight U.S. étreseveral time periods from 1999
through 2004, with some sites collecting data &@84. A number of instrument
configurations were deployed, ranging from addgidocations for standard speciation
monitors, to systems capturing near-continuousageendent speciation profiles.
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The National Core (NCore) Network

NCore (Scheffe et al., 2009) is a 75-site multfpdlutant component of the routine
networks that was fostered by the Ambient Air Moniiig Strategy for State, Local, and
Tribal Air Agencies (EPA, 2004) and was promulgatethe 2006 CFR as part of the
new monitoring rule (EPA, 2006). NCore is desigteedapture urban- and regional-scale
representative concentrations of a variety of tigases (CO, S©ONOy, NO) and

aerosols (PMy and PM smass and chemical speciation) to support a rangeaith

effects, model evaluation and research studieg N®ore sites are designated multiple
pollutant sites that require co-location with exigtPM, 5 chemical speciation sites. Full
deployment is scheduled for 2011.

Air Toxics Monitoring Program

National Air Toxics Trends (NATTS) Network -- State and local agencies have
measured a variety of metallic and gaseous hazaraopollutants (HAPs) at over 200
locations since the 1980s. Broad access and ubesd¢ data were hampered by a lack of
centralized databases and multiple sampling anatdary protocols, creating data
guality and consistency concerns. To address thesasistencies, the NATTS network
was conceived in 2001 and consists of 27 sites.s@hgling protocol typically has been
every sixth day for 24 hours.

Among the priority ranked 33 air toxics of US comgeobservations of benzene and
other common aromatics are fairly widespread afadively reliable. However, other
potentially important species are less well represgin air monitoring. During the

initial start-up of the NATTS, six priority HAPsdfmaldehyde, benzene, 1, 3-butadiene,
hexavalent chromium, acrolein and arsenic) weigetad for inclusion based on results
of the 1996 National Air Toxics Assessmeimt://www.epa.gov/ttn/atw/nafa/Based

on efficiencies in methodologies and the 1999 NATNATTS observations expanded to
include the following:

Gas-phase compounds: acetaldehyde, acrolein, benzaon tetrachloride,
chloroform, dichloropropane, dichloromethane, fodehyde, naphthalene,
perchloroethylene, trichloroethylene, vinyl chl@jd,3-butadiene, and 1,2-
tetrachloroethylene.
Metals in PMg: nickel, arsenic, cadmium, manganese, beryllium, laad.
Total suspended particle (TSP) mass: hexavaleontralhm
Combined gas-phase and TSP: naphthalene and biwe(ze.
Light absorbing carbon through aetholometry atlzsstiof sites.

The IADN program (see below) analyzes for seleatethls (As, Pb, Cd, Se) and other

toxics, while the NADP includes Hg monitoring innse sites. These programs are
discussed below.
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Deposition Networks

Precipitation based networks: NADP and IADN --Precipitation chemistry is an
important link between atmospheric and terresémal aquatic systems. The National
Atmospheric Deposition Program (NADP) overseestevoik of over 250 sites that
analyze for ions which have significant acidificatiand eutrophication effects. The
NADP includes a seven-site Atmospheric Integrateddarch Monitoring Network
(AIRMoN), which provides greater temporal resolatior acidifying/eutrophying ions,
and the Mercury Deposition Network (MDN, over 9tes).

The Atmospheric Mercury Network (AMNet) providegaan the atmospheric
concentrations of mercury in gaseous and partiedtains, and other data needed to
estimate dry deposition at twenty sites acrossiNamerica. Monitoring mercury in the
atmosphere is important for model evaluation aadking the atmospheric response to
emissions reductions. AMNet, which began as a pigwtnership networking and
standardizing previously deployed instruments, fwamally adopted by NADP in 2009.

The joint Canadian-U.S. Integrated Atmospheric B#pm Network (IADN) includes a
mix of stations across the Great Lakes that safmptie precipitation and ambient air for
a range of toxic compounds. IADN emphasizes martfi@more persistent organic
compounds including PCBs, pesticides, dioxins anecs metals (lead, cadmium,
arsenic and selenium).

Clean Air Status and Trends Network (CASTNET)-- CASTNET was established in
the early 1990s to track changes in dry deposidfanajor inorganic ions and gaseous
precursors associated with the CAA Title 4 reduio sulfur and nitrogen, designed to
address surface water acidification in easterniNarherica. The network of over 80
sites has expanded from an Eastern U.S. focusver targe areas in the West.
CASTNET provides weekly averaged ambient measuresradmmajor ions (sulfate,
nitrate, calcium, sodium, potassium, ammonium, @agnesium) integrated over all
aerosol sizes. A subset of sites includes o0zoneMR&OVE PM s speciation
instruments. CASTNET site locations were desigoeefiect regional scale air mass
samples, relatively free from local urban sourgmals. The ambient concentrations are
used in algorithms that estimate deposition veydaitcalculate dry deposition.

Other air monitoring networks

For completeness, European air monitoring netwariksnational/international networks
for monitoring persistent organic pollutants (PO&®) listed respectively in Appendices
D and E.

Accessing surface network data
Access to routine measurements is available through

* EPA’s Air Quality Systemfttp://www.epa.gov/ttn/airs/airsaggind related
DataMart http://www.epa.gov/ttn/airs/agsdatamprihich house criteria gas,
PAMS, PM mass, PM speciation and air toxics data.
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 EPA’s AIRNow (http://airnow.gov) and AIRNowTech
(http://www.airnowtech.org/provides near real time access to ozone and
continuous PMs mass data.

* VIEWS (Visualization Information Exchange Web Syste
http://vista.cira.colostate.edu/viewsdeveloped by the Regional Planning
Organizations (RPOs) in support of visibility assaents) houses IMPROVE and
EPA PM s speciation data.

o CASTNET (ttp://www.epa.gov/castngt/NADP (http://nadp.sws.uiuc.edy/and
IADN (http://www.msc-smc.ec.gc.ca/iadn/index_e.htprbvide direct access to
deposition data. NADP data includes subnetworksNNWIDN) and AIRMoN
(http://nadp.sws.uiuc.edu/airmon/).

» The Health Effects Institute (HEI) air quality da#se provides access to and
analysis tools for processed PMhemical speciation data
(http://hei.aer.com/aboutDatabase.php

» Supersites Integrated Relational Database (SIRBgssribed at
http://www.epa.gov/ttn/amtic/ssdatamg.html

* Southeastern Aerosol Research and CharacteriZ&©ARCH) Study is
described and the availability of data is idendifa
http://www.atmospheric-research.com/studies/SEAR@GeX.html

2.2 Intensive Field Campaigns

Intensive field campaigns (see Appendix F) of redy short duration supplement
routine long term monitoring networks by measuspagtial, temporal, and compositional
distribution of pollutants and precursors. Theselists are designed to investigate the
emission and physical and chemical processingexfyssors and pollutants to understand
the source, fate, transport, and removal of thpseiss. Typically, these campaigns
utilize some combination of aircraft- and/or shigsbd studies, satellite and ground-
based remote sensing, research-grade instrumentatid advanced analytical methods.
These efforts complement routine ground based measunts, which usually do not
address reactive gaseous species, aerosol sigbutisns, organic chemistry
characterization, and vertically stratified data.

There has been a long history of intensive fielshjgaigns starting with the Regional Air
Pollution Study (RAPS) in the 1970s which formed Hasis for evaluating the early
photochemical models used in acid deposition amt@assessments. Landmark
campaigns in the United States through the 1988<.880s such as the Southern
California Air Quality Study, the San Joaquin Vali&ir Quality Study
(SJAQS)/Atmospheric Utility Signatures, Predictipasd Experiments (AUSPEX), and
the Southern Oxidant Study (SOS) were reviewedasgh the 2000 NARSTO ozone
assessment (Solomon et al, 2000). Over the lastdédatere have been a series of field
campaigns focusing on characterization of surfagellaerosols through the PM
Supersites program (Solomon et al., 2008).

While the early campaigns focused on urban envients) the Eulerian Model
Evaluation Field Study (EMEFS) and SOS during tdye1990s shifted focus toward
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regional spatial scales, consistent with the dontia& pollution concerns of the time,
acid rain and ozone. In addition to addressingmudraas of concern such as Houston
and Los Angeles, more recent campaigns have exdespigial scales beyond regional
studies to address long-range transport and conéihscale atmospheric processes.
Some of these campaigns include: (1) local andregistudies for the northeast and
southeast U.S., portions of Texas, and centrakanthern California; and (2)
intercontinental studies of transport across Néutrerica and the Atlantic, Pacific, and
Indian Oceans. A variety of federal (particularlf@NA and NASA) and state entities
have served as lead agencies for these studieendppF provides a listing of key
studies conducted since the late 1990s with impb#darlier campaigns identified in
footnotes. Several recent, highly relevant cammaage briefly described here.

The Intercontinental Transport and Chemical Trams&tions project of 2002 (ITCT-
2k2) investigated springtime transport along theifiRacoast of North America. This
campaign combined ground- and aircraft-based measents along with model
simulations and satellite data products to exarttirdropospheric chemistry and
transport of ozone, fine particles and chemicatiyva greenhouse compounds. This
study shed light on the intercontinental transpbrizone and aerosols, and the impacts
this transport has on air quality and climate.

In 2004, the International Consortium for Atmospb&esearch on Transport and
Transformation (ICARTT) served as an organizing teti for North American and
European field campaigns addressing regional graleesses in both continents as well
as trans-Atlantic transport phenomena (Fehsentedtl, 2006). The North American
studies included the Intercontinental Chemical $pamt Experiment - North America
(INTEX-NA 2004 and 2006) and the New England Airality Study - Intercontinental
Transport and Chemical Transformation (NEAQS — ITZ0D4) programs. These
ICARTT campaigns provided insights into trans-Atlamprocessing of ozone precursors,
lightning-generated NOemissions, secondary organic aerosol processefjiamass
burning based on a variety of satellite, aircrsifip-based, and ground-based
measurements.

The ICARTT campaigns were preceded by the North Agar Regional Experiment
(NARE) in the 1990s that studied synoptic scaladpart in the North Atlantic
(Fehsenfeld et al., 1996; Penkett et al., 1998¢. Ttansport and Chemical Evolution
over the Pacific (TRACE-P) campaign of 2001 catatiymuch of our current
understanding of Asian outflow to North America €liINTEX-NA mission was
followed by the 2006 INTEX-B aircraft mission, whistudied pollutant transport flow
across the north Pacific and into the western driates. INTEX-B was also linked
with the 2006 MILAGRO mission, which studied po#iat outflow from Mexico City.
Most of the large intercontinental scale field camgps are considered key parts of the
IGAC program (Section 1.3). Findings specific tortlern Hemisphere transport have
been synthesized by the Hemispheric Transport oPAllution (HTAP) task force
(Keating and Zuber, 2007).

17



The Texas Air Quality studies (TexAQS and TexAQSdlring 2000 and 2006 were
intensive research campaigns designed to address aiothe unique VOC chemistry and
transport features of southeastern Texas. The gifam extended the earlier study to
address climate-air quality linkages and probe thilgle NOx and NOy chemistry.

The Bay Region Atmospheric Chemistry Experiment ABE) was conceived in
response to persistent increasing trends of nitray&le emissions in Florida, in order to
assess its potential effects on air quality ancettogical health of Tampa Bay and its
surroundings. The BRACE program began in 2000 asdrcluded both long-term and
short-term intensive measurement campaigns, fogusirassessment of atmospheric
nitrogen deposition to Tampa Bay. This programaeto help develop modeling
approaches for numerous eastern US estuaries arubba augmented by additional
field campaigns elsewhere, most notably in eastiemth Carolina. Key participants
included the Florida Department of EnvironmentaitBction, Tampa Bay Electric
Company, EPA, NOAA, Argonne National Laboratorypmarous universities and
several additional Florida agencies.

The PM Supersites program (see section 2.1) congrited deployment of the routine
PM_ sroutine monitoring program by deploying researdtrumentation in intensive
field campaigns for highly time-resolved data onltiple aerosol physical and chemical
properties in major U.S. cities (Atlanta, BaltimpFeesno, Houston, Los Angeles,
Pittsburgh, St. Louis, and New York). These data, spanning portions of 1999 — 2004
with some sites operating in later years, werenkiel to address three primary
objectives: development of monitoring methods aaddfer to operational agencies,
support for health effects research, and Statedmehtation Plan (SIP) development.
Several findings are synthesized in dedicated apgxirnal issues (Pandis et al., 2005;
Geller and Solomon, 2006; Solomon et al., 2008).

The Los Angeles Supersite and the Southern Cal#d?article Matter Center spawned
interest in near-roadway characterizations by glog measurements of particles,
particularly ultrafine particle number, near higlysaThis work showed very high
particle concentrations near the highway (Zhu e28l02), with concentrations
decreasing and size distributions changing witheased distance from the roadway.
Near-roadway studies have since been undertakiemanly by EPA, in several other
cities, including Detroit, Raleigh, and Las Vegasven the high pollutant concentrations
and the high human exposures to both gaseous aticlfae pollutants near many
highways, near-roadway measurements and studigglpran important bridge between
atmospheric science and health science.

The Polar Study using Aircraft, Remote Sensingfé&erMeasurements and Models, of
Climate Chemistry, Aerosols, and Transport (POLARG®as a coordinated
international series of field studies that was péthe International Polar Year (IPY). As
part of this, NASA led the 2008 Arctic Researchitef Composition of the Troposphere
from Aircraft and Satellites (ARCTAS) project. THisld study addressed a variety of
issues impacting the Arctic atmosphere, includingaBian and North American fires,
halogen chemistry, light absorbing carbon and ptast pollutants. NOAA led two field
studies as part of IPY: Aerosol, Radiation, andud@l®rocesses affecting Arctic Climate
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(ARCPAC) and International Chemistry Experimenthia Arctic LOwer Troposphere
(ICEALOT). ARCPAC involved the deployment of the R@® WP-3D aircraft in Alaska
and ICEALOT involved the deployment of the WoodddH@esearch Vesskhorr in

the North Atlantic. Additionally, DOE led the Inéict and Semi-Direct Aerosol
Campaign (ISDAC) as part of IPY as well.

The scheduled 2010 CalNex campaign will build oistexg California programs and is
intended to address air quality and climate linkage

Field campaign websites

ARCTAS: http://www.espo.nasa.gov/arctas/
CalNex:http://www.esrl.noaa.gov/csd/calnex/

ICARRT: http://www.esrl.noaa.gov/csd/ICARTT/index.shtml
INTEX-B: http://www.espo.nasa.gov/intex-b/index.html
INTEX-NA: http://cloudl.arc.nasa.gov/intex-na/

MILAGRO: http://www.eol.ucar.edu/projects/milagro/
NEAQS - ITCT 2004http://www.esrl.noaa.gov/csd/2004/
POLARCAT, http://www.polarcat.no/
TRACE-P:http://wwwe-air.larc.nasa.gov/missions/tracep/trabép
TexAQS & TexAQS Il:http://www.esrl.noaa.gov/csd/2006/

2.3 Satellite—Based Air Quality Observations

An extensive array of satellite-based systems Agpgendix G) measuring total
atmospheric columns and limited vertical profiléseveral key species has been
established by the United States and countrieseoEuropean Union. In the U. S., these
programs are led by the National Aeronautics aret&g\dministratiofNASA) and the
National Oceanic and Atmospheric Administration (NX); in Europe they are led by
the European Space Agency (ESA) and Eumetsat. N&®IAESA typically demonstrate
new capabilities for Earth observations while NOA®d Eumetsat conduct long-term
operational observations. A suite of satellitesudmng Terra, Aqua, Aura, CALIPSO
(Cloud-Aerosol Lidar and Infrared Pathfinder SatelDbservation), and Glory, as well
as NOAA-17, NOAA-18, NOAA-19, and NPP (NPOESS [Matl Polar-orbiting
Operational Environmental Satellite System] PrejoayaProject), have been launched
since 1999 or have near-term launch dates. Colldgtithey measure columns and/or
profiles of aerosol optical depth (AOD); .0, CO, CH, SO, NO,, CFCs, other
pollutants, and atmospheric parameters such astampe. Most of these satellites have
a near-polar low Earth orbit (LEO), passing twieg gay over a given location. (For
many species, measurements are only possible ddaylmght, so only one measurement
is made per day per instrument.) The Earth Obsgr8ystem (EOS) Afternoon
Constellation, or “A-Train,” is a group of seveddlthese satellites (Aqua, Aura,
CALIPSO, CloudSat, and PARASOL (Polarization & Asti®py of Reflectances for
Atmospheric Sciences coupled with Observations fedodar), with Glory planned for
addition in 2010) that fly in formation, crossirgetequator a few minutes apart near 1:30
PM local time. The near-simultaneous observations fthese satellites produce a rich
picture of earth weather, climate, and atmospranditions. The OCO (Orbiting
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Carbon Observatory) mission, which failed on laumcharly 2009, was to join the A-
Train to measure CQwith the precision required to map global disttibn of CQ
sources and sinks on regional scales. A U.S. replaat mission for OCO is not
currently scheduled, but Japan’s Greenhouse gasesng Satellite (GOSAT),
launched in January, 2009, will globally monitor £0d CH.

NOAA'’s National Environmental Satellite and Datéoimation Service (NESDIS)
oversees operations of U.S. geostationary and pplknational satellite programs (GOES
and POES), providing imagery for weather forecgséind observations of light
scattering relevant to aerosol characterizations.

For the future, NASA and partner agencies haveqgeeg to deploy additional satellite
platforms capable of measuring trace gases anga@srm enhance the characterization
of tropospheric air quality from space (NRC, 20Bishman et al., 2008). Specifically,
the National Research Council (NRC) has recommetitlgdNASA implement a number
of missions over the next decade, in addition tpl@menting the NPOESS and GOES
programs. These “Decadal Survey Missions” include:

(1) Geostationary Coastal and Air Pollution Eve@&O-CAPEWwill partially focus
on supporting air quality assessments and forebgstseasuring atmospheric
columns with a frequency less than one hour frayp@stationary spacecratft.

(2) The Aerosols, Clouds and Ecosystems (ACE) wnssiill consist of a lidar for
characterizing aerosol height and properties goolarimeter for determining
aerosol types.

3) Global Atmospheric Composition Mission (GACMIl focus on ozone and
related gases for intercontinental air quality atrdtospheric ozone layer
monitoring, from a LEO spacecratft.

Satellite data complement surface networks andeadircampaigns and are essential tools
for evaluating models and improving emissions inggas. Satellite observations do not
directly correspond to in-situ measurements ofytafit concentrations. Thus, the use of
satellite data for air quality forecasting, managamhealth effects studies, and climate
change assessments is complex. While satellites glibbal or near-global coverage of
several important species, there are basic liroitatin using a space platform to
effectively probe the lower levels of the atmosgh&here exposure to pollution occurs.
Understanding these limitations is important fongjag how these systems complement
ground-based networks and support air quality mamagt assessments.

Attributes of Air Quality Satellite Data Products

Fundamental Limitations -- Most satellite air quality observations are libse
spectroscopic techniques using reflected, scatteregimitted solar radiation as a broad
source of radiation. While the science of measutiage gases and aerosols from space
is relatively mature, interferences related toaale surface reflectivity, cloud
attenuation, and overlapping spectra of other gga@quire significant processing and
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treatment. Even with this sophisticated data reaitienost products will typically have
significant spatial gaps for a given time perio@ do cloud interferences and other issues
such as sun glint, etc. For example, aerosol exaaisrring at the same time as clouds
are often screened out from the AOD products foSWA Moderate Resolution Imaging
Spectroradiometers (MODIS) aboard the Aqua andalsatellites.

Moreover, most satellite sensors sum over theeentlumn of air from ground to
satellite, while the highest interest is typicatlyconcentrations near the surface, where
people live. Some information on the vertical diition of certain species can be
obtained by the use of multiple observing anglesrfstruments in LEO, by limb
sounding, active sensing, or other methods. Fomeig the CALIPSO satellite provides
some ability to resolve aerosol vertical distributi For certain important trace gases
(e.g., NQ, SO, HCHO) and aerosols, the majority of mass resiléise boundary layer
of the lower troposphere, enabling associatiorigrigncolumn data to surface
concentrations or emissions fields. For exampksarable correlations (Engel-Cox et
al., 2004), especially in the eastern U.S., haenlieveloped between concentrations
from ground level PMs stations and MODIS AOD, while correlations betw&@DIS
AOD and surface aerosols are quite poor in theemedd.S. due to excessive surface
light scattering from relatively barren land sudac

In contrast to aerosols, most ozone resides isttiagosphere. Various techniques have
been developed to extract the stratospheric signadkld a tropospheric ozone residual
(TOR), based on known homogeneities in the stratmgpand the use of chemical
transport models and multiple measurements. Eapyaaches (Fishman, 1978) before
and during the Total Ozone Mapping SpectrometetBPmissions combined limb
(angled view to characterize stratosphere) and rfddwnward view, characterizing total
column) techniques to derive tropospheric ozonigluass. The 2004 launch of NASA'’s
Aura mission, with multiple ozone sensors, is stgrto produce more refined
tropospheric ozone maps. For example, direct deoivaf tropospheric column ozone is
possible from the Ozone Monitoring Instrument (OM) Aura (Liu et al., 2009).
However, differentiating ozone in the boundary tafyem that in the free troposphere
continues to pose significant challenges. Thigdliffy stems from strong molecular
scattering of UV radiation in the boundary layed anrface emission in the thermal IR.

Temporal coverage-- The near polar orbiting tracks of most LEO Hies performing
trace gas measurements deliver at most twice da#dpshots of a particular species
(approximately 12 hours apart). In addition, measwants of many species can only be
taken during the single daytime overpass. Consdlyuémese instruments can only
observe temporal patterns of pollutants or timegrdtions of pollutant concentrations or
exposure at daily or longer scales. Furthermosgruments in LEO have only a short
exposure to each Earth scene, limiting the sigmaletise ratio. For many LEO products,
observations for a given day are quite noisy, aadlly or monthly averages are more
typically used. Geostationary (GEO) satellite matis, such as the NOAA GOES
systemsilfttp://www.0so.noaa.gov/goes/index.himo provide near-continuous
monitoring of physical parameters for weather tiagland forecasting purposes. The
ability of a GEO instrument to observe an areddoger time periods potentially enables
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a sufficient signal-to-noise ratio to make shartdiperiod observations, on the order of
one hour, meaningful.

Spatial coverage -Polar orbiting satellites typically provide horigal spatial resolution
between 10 and 100km for atmospheric compositipati&l resolution less than 10 km is
possible with GEO and LEO platforms. Observationgadlutants above the surface,
delivered by satellite systems, complements grduased in-situ measurement networks
— especially considering that a considerable foactif pollutant mass resides well above
Earth’s surface. However, as noted above, the thatysof satellites to elevated
pollutants can obscure measurements of the boutalgay, and in general, satellite data
products contain little or no information about trestical distribution of pollutants.
Furthermore, one technique used to obtain vertiisatibution information, comparison
of nadir and limb observations, is usable from G&(ly if complementary limb
observations are available from one or more pataiting satellites.

As an example, limitations of satellite data amtHer enumerated and elaborated for the
GOME sensors (§) NO,, HCHO) by the Coordinating Research Council, Inc.
(Vijayaraghavan, et al., 2007).

Current Use of Satellite Data in Air Quality Managenent

In broad terms, satellite measurements serve apleamnts to other surface based and
aircraft measurement programs and air quality neodgatellite applications for air
guality forecasting and assessments are covered®xely in the published literature
(Martin, 2008; Fishman et al., 2008;Vijayaraghaeaal., 2007). The following
summary does not capture the full breadth of appbas of satellite observations, but
describes how these data are most effectively purated in air quality assessments.
Three general methods are applied in the use ellisabbservations in air quality
assessments:

Q) Detecting evidence of long-range transport. Satellite data support assessments of
air quality on hemispheric and global scales aséssnents of long-range
transport. These are projected to be of increasipgrtance to North American
air quality management in the future (see secti@h Irans-oceanic air pollution
transport can be observed with satellites, ancctloleservational evidence of this
phenomenon has been clearly visible in satelligeny (Figure 3).

2 Characterizing emissions and air quality model support. Satellite observations
play an important role in emissions characterizatgarticularly for source
regions and sectors that have inadequate bottomveptories. Applications
include improving inventories from poorly-chara@zed, developing regions in
Asia and from “natural” sources such as lightning aoil NOx. Biogenic VOC
emission estimates have been developed (Millelt,e2@08) using satellite
measurements of formaldehyde, a degradation pradutitectly-emitted
isoprene. The location and source strength of wddgflumes detected from space
are important inputs for annual emissions invee(Martin et al, 2006) used in
EPA air quality models such as CMAQ. Sustained {tarq satellite
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®3)

(4)

observations support accountability analyses ofafly of implemented
programs. Due to a lack of surface-based trug M@asurements, satellite
observations have been the most useful indicafgusogress in the NOx SIP

Call. Inverse modeling (the process of using a GbMstimate the emissions that
would reproduce the satellite observations) isdegtly used in deriving "top-
down" emissions which can improve and update epnssirom "bottom-up”
inventories.

Air quality management depends on models for corm@ferironmental
characterizations that can not be achieved throbgervations alone (see section
1.2). Satellite-based enhancements to surface aromgtnetworks will support
the evaluation of these models by intercompariswhiaproving emission
inventories, as described above. Satellite obsensbf tropospheric ozone can
be used as boundary conditions for regional aitityuaodels. Although
boundary layer ozone is difficult to measure frgmace, improvements in air
quality forecasts of ozone potentially can be middeugh use of boundary
conditions for the free troposphere derived fromeltite. Satellite (OMI, GOME,
GOME-2) observations of NO2 and HCHO can also leel g diagnose
sensitivity of ozone production to NOx or VOCs (Miaret al., 2004).

Surrogates for filling gaps in surface networks. Satellite observations are
assisting the air quality community by providingalthat covers broad spatial
areas lacking ground based monitors and, more itzupity, a vertical (or

column) complement to surface based networks. Aljhdbreathing-zone’
monitoring is essential, most pollutant mass resalgside the domain of surface
stations. During well-mixed afternoon conditionsstable pressure systems,
pollutant levels aloft often correlate well withrface conditions, offering
potential for “gap filling” in the surface-basedtwerks (Figure 4). However, the
appeal of using satellite observations to fill gapsurface measurement must be
tempered by the limitations of using space baseasnrements to characterize
near surface conditions discussed above. Use®otdbhnique was illustrated by
Al-Saadi et al. (2005).

Support during episodes. Fire and dust events can produce atypically bad air
quality in areas which do not typically experiepo®r air quality. Satellite data
have played an important role in "exceptional evanalyses in the determination
of attainment of National Ambient Air Quality Staards. Satellite data can act as
a surrogate for gaps in surface monitoring datd,isragery can have an
important public information role.
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Figure 3. Panels capturing trans-Atlantic transport. Top: 81@N1997 tropospheric ozone from GOME,
(Liu et al., 2006). Middle: CO column totals from®ITT for July 2004 (Pfister et al., 2005). Bottom:
Tropospheric N@from SCIAMACHY for summer 2004 (Martin et al., 280

Correlations between AOD and PM2.5(hourly)

Figure 4. Correlation between MODIS AOD and hourly Pdsurface sites
from April - September, 2002 (Engel-Cox et. al, 200
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2.4 Observation Programs for Climate, Background Concetrations,
Stratospheric Ozone, and Long-Range Pollutant Transort

NOAA and NASA are the lead federal agencies foagety of observation programs
focused on climate change, background concentsatibtrace gases in areas free of
large local sources, stratospheric ozone, and taolldransport. These networks include
surface measurements, vertical profiling, and messeants of atmospheric columns (see
Appendix H). The Department of Energy (DOE) is asgaged in observation programs
addressing climate change. Many of these observatiograms rely on partnerships
across U.S. federal agencies and collaboratiortsintérnational organizations such as
the World Meteorological Organization (WMO). Thisction focuses on these networks
in the U.S., which are largely the responsibilifyN©AA, NASA and DOE, with various
levels of participation through partner agencidse @ssortment of gases and aerosols
which are important climate moderators and/or keygaality indicator and precursor
species include CON.O, H,O, CH,, O3, CO, aerosols, and halogenated compounds,
including CFC replacements.

2.4.1. Greenhouse Gas (GHG) Observation Systems

NOAA, NASA, and DOE are lead Federal agencies évesal programs, many in
partnership with each other and with internatiarglnizations, which address
greenhouse gas trends, sources, sinks, and f\ate these programs are focused on
carbon dioxide budgets, the other important GHGanodire included where feasible. The
major GHG observation programs with sites in th8.Uhclude:

NOAA global cooperative air sampling network-- Weekly samples from this
cooperative network, which includes over 100 retydtecated surface stations
worldwide and a series of ship routes (Figure 8 ,used to determine global gM,0,
CH,, and CFC concentration trends.

AmeriFlux network -- DOE coordinates a multi-federal agency grouph(\WOAA,

USDA, NSF) overseeing the AmeriFlux network of ~@@\e sites in the U.S.; see

Figure 8. The network sites are largely micromeilagical towers ranging from a few to
hundreds of meters in height. Each tower is insémted with a fast COmonitor and

wind sensor, allowing calculation the flux of €letween the surface and vegetation and
the atmosphere. AmeriFlux is a component of thddwade Fluxnet system of COlux
networks that track storage of carbon in terrdssyatems
(http://www.fluxnet.ornl.gov/fluxnet/index.cfin

Vertical profile, atmospheric column, and satelliteobservations --The NOAA
network of 8 tall towers (100 — 500 m) providesioaglly representative near-
continuous boundary layer measurements of &l related gases. As noted in section
2.3, NASA'’s Orbiting Carbon Observatory (OCO) d#teemission was intended to be
the nation’s primary remote sensing platform for,@@d to provide a continental and
oceanic scale complement to ground based systetnait@naft programs. In light of
OCO'’s 2009 launch failure, climate monitoring wily on Japan’s Greenhouse Gases
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Observing Satellite (GOSAT), launched in Janua®@® which will measure C&nd
CH, globally.

2.4.2. Monitoring of Background Air Quality and Long-Range Transport

Network of remote (sentinel) surface observation ations --Remote surface stations
located in areas relatively free from nearby sosicdd@racterize background pollutant
levels, transport on regional and hemispheric scaled boundary conditions for air
guality models. NOAA maintains five baseline sibesurface “sentinel” stations (Mauna
Loa, HI; Trinidad Head, CA; Barrow, AK; American1@aa; and South Pole) designed to
capture long-term trends and atmospheric backgraurebllutant concentrations. These
are part of a worldwide Global Atmospheric WatctA®) network of baseline sites
coordinated by the WMO (Figure 5). Additional NoAmerican locations include Mt.
Bachelor, OR; Whiteface Mountain, NY; and Alertive Canadian Arctic.
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Figure 5. Network of surface based remote observatories @gdrnhroughthe World Meteorological
Organization’s Global Atmospheric Watch (GAW).

NASA fixed site observation networks --The AGAGE (Advanced Global Atmospheric
Gases Experimenthitp://cdiac.ornl.gov/ndps/alegage.hynand its predecessors (the
Atmospheric Life Experiment, ALE, and the Globah#dspheric Gases Experiment,
GAGE) monitor a variety of climate forcing gase$,G3 and reactive trace gases at
remote “sentinel” sites throughout the world.

2.4.3. Monitoring of Pollutants Aloft: Profiles and Total Columns

Vertical profiling and total atmospheric column reegements provide important
complements to the near surface observations. @disans aloft provide insight into
transport phenomena and background levels andegrenktrics for model evaluation.
Complex near-surface deposition and removal presessd micrometeorological
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processes limit the ability of surface-based meaments to characterize conditions aloft,
except under certain conditions. Programs includariety of aircraft, sondes, remote
sensing, tall towers, and special field programgdly managed by NOAA, NASA, NSF
and DOE. Proper siting and measurement techniqeassad to produce observations
which support assessments of climate change, spia¢oic ozone, baseline
concentrations, and long range transport. Thesmappes include sampling throughout
the atmospheric column (for total column and veitarofiles) and, particularly for fixed
surface observations, locations in relatively seuree locations. While climate and
stratospheric ozone depletion assessments bemefitdharacterizing the full
atmospheric column through the stratosphere (~ 35 ystems designed to capture the
entire atmospheric column often have insufficiegsolution or precision in the boundary
layer (~ 5 km) for surface-oriented air quality asseents.

NOAA surface and aircraft based air quality measurenent programs -- NOAA
conducts a variety of routinely scheduled fixe@ sihd aircraft-based measurement
programs and a series of intensive special fiehldpzagns provide observations to
address a variety of climate, stratospheric ozametion, and planetary boundary layer
air quality issues. These programs are a sourdatafon conditions aloft. Core elements
of these measurement programs include:

* an ozone radiosonde network (8 sites, 4 in the)rSvides one day per week
vertical ozone profiles with approximately 100 rsatition from the surface
through the stratosphere;

» Dobson ozone spectrometer network (16 station gatige network, 11 in the
U.S,) provides near continuous daytime total atrhesp column ozone data;

 routine aircraft flights that characterize vertidatribution of air pollutant
species (@ CO, CH, CO;,, N0, Sk) for climate and air quality assessments;

« tall tower sites (8) are part of the larger intenagy North American Carbon
Program (NACP) designed to characterize carborncesusinks and removal
processes; these towers are currently locatedghiou the continental U.S.
using television and cell phone towers (100 — 50@lin They provide near-
continuous regionally representative boundary layeasurements of GO
CO, CH, and associated fluxes, various trace gases, atebrogical
parametershitp://www.esrl.noaa.gov/gmd/ccgg/towers/index.himl

» special intensive studies, often in collaboratiothASA, with aircraft
focusing on regional U.S. air quality issues, tgflicconducted every two
years (section 2.2), and on satellite validation.

These programs, in combination with NOAA remotdate based measurement
observatorieshttp://www.esrl.noaa.gov/gmd/about/airquality.hkmtovide long term
records of baseline air quality from the surfagetigh the stratosphere. These programs
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represent a substantial component of the U.S. iboition to international monitoring,
much of which is organized through WMO’s GAW pragra

European based aircraft programs-- Two programs, MOZAIC (Measurement of
Ozone, Water Vapor, Carbon Monoxide and Nitrogerd@xAboard Airbus In-Service
Aircraft, operated since 1994) and CARIBIC (Civilréaft for the Regular Investigation
of the Atmosphere Based on an Instrument Contaoparated since 2004) measure air
guality parameters from in-service, scheduled pagseaircraft based in Europe. These
programs provide widely distributed, frequent measents in the upper troposphere
(including over the Atlantic) and, on takeoff amaahdling, vertical profiles over cities,
including cities in North America. These programsyide the most extensive routinely-
collected, vertically-distributed air quality ddtam throughout the troposphere.

MOZAIC: http://www.fz-juelich.de/icg/icg-ii/mozaic/home

CARIBIC: http://www.caribic-atmospheric.com/

Satellite air quality validation programs -- NASA oversees operations of several
programs monitoring the lower atmosphere desigo@dmplement and evaluate satellite
products described in section 2.3. These programsrglly have a broader hemispheric-
or global-scale perspective that often overlaps wagionally focused initiatives.

Network for the Detection of Atmospheric Compositim Change (NDACC) —The
NDACC is an international activity focused on ohtag high quality measurements of a
broad range of atmospheric chemical species araan@ers. This network includes more
than 70 remote-sensing research stations. Origif@lsed on the stratosphere, with an
emphasis on the ozone layer, the scope of the NDA&=xpanded to cover both the
stratosphere and troposphere. A variety of worlkjrayups, each focused on a particular
measurement or technique, operate under NDACQydinal Dobson/Brewer, FTIR
spectrometers, lidar, microwave radiometers, seelieasurements, sondes, UV/Vis
spectrometers, spectral UV, and water vapor. Téiwork has been in operation since
1991.

NDACC: http://www.ndsc.ncep.noaa.gov/

Lidar networks -- Lidar, analogous to radar, uses backscatteredligheto profile
aerosols, gas-phase species, or other parametérastemperature above a site. In
addition to use during field intensives, theretaree fixed-site, long-term lidar
monitoring networks in the U.S. The Micro PulseadridNetwork (MPLNET) is
coordinated by NASA and operates from 14 statidna the U.S.). MPLNET profiles
aerosol, and most sensors are co-located with AHRIO(See below). The NOAA
CREST lidar network comprises four sensors, opdrayeacademic institutions, in the
eastern U.S., which profile aerosol. Three of thetss can also profile water vapor.
Finally, the international Network for the Detectiof Atmospheric Composition Change
(NDACC, described above) includes 17 lidars (i t).S.). These networks are
affiliated with a number of networks operating @eas in the WMO / GAW Aerosol
Lidar Observation Network (GALION).
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2.4.4. Selected Meteorological Observation Systems

Two categories of above-surface meteorologicaksystare included here because of
their linkage to air quality assessments. Firdgrs@diation networks provide estimates
of atmospheric aerosols and various trace gasesldition to basic data for radiation
components of models. Second, systems that ensiiihea¢ion of the height of the
planetary boundary layer are important for neafagér air quality analyses and model
applications.

Solar radiation networks -- Full spectrum and wavelength-specific solar radrati
measurements provide data used to characterizgyebedgets for meteorological
models, climate change assessments, atmosphanmrc@erosol light scattering, and as
direct indicators of UV radiation exposure relevemhuman and ecosystem health and
agriculture. A variety of federal agencies incll@iOAA, NASA, EPA, USDA and the
NPS have participated in several measurement pregra

The Aerosol Robotic Network (AERONET) is a NASA-argzed collaborative global
network of sun photometers providing ground-bassdsol optical depth (AOD)
estimates used primarily to evaluate satellite ss#rmeasurements. NOAA'’s Surface
Radiation Budget Network (SURFRAD) is part of thelgl Base Line Surface
Radiation (BASR) Network. It is an important sudazomplement to satellites, and is
used for characterizing surface energy balancesapylorting a variety of global scale
climate models.

The Brewer UV spectrophotometer networks startet®®d with EPA’s UVNet program
and included over 20 sites until funding was eliat@d in 2004. A subset of six sites
supported by EPA and NOAA is operating as the NCARA Brewer
Spectrophotometer UV and Ozone Network (NEUBREWeSE networks were
designed to monitor UV radiation at the surfacanderstand its effects on human and
ecosystem health and agriculture. Due to intereita relationship between changes in
stratospheric ozone and UV at the surface, EPAt@asded some funding support. The
Brewer instruments are capable of providing totdlicin ozone and S{@stimates.

Observations for evaluating PBL heights- Planetary boundary layer (PBL) height (or
mixed layer height) is an important physical pareen@ air quality models. PBL is a
derived quantity based largely on vertical temperaprofiles and refractive index
structure parameters. The deployment of the NOAZiRRr Network (NPN:
http://www.profiler.noaa.gov/nphbver the last decade has added a near-continuous
stream of wind vector data to complement the Nafidvieather Service’s (NWS)
rawinsonde network, which provides twice daily sdings spread across nearly 100
locations throughout the United States. NPN cositB5 unmanned Doppler radar sites
profiling the troposphere, concentrated in the i@ ndnited States, and is designed for
violent weather forecasting. The PAMS (see se@idi program supports ~20 radar
profilers that provide highly resolved wind pro8lef the boundary layer. The boundary
layer radar profilers, especially when complememgtemperature profiles generated by
Radio-Acoustic Sounding System (RASS), offer a sewf relatively untapped data for
model evaluation.
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In addition, cloud base height measurements frataroeters are reasonable PBL depth
indicators for non-clear sky conditions; a spagiaiktensive network for broad
application is available through the NOAA Automataface Observing System
(ASOS). In addition, since 2004, over 400 commémii@raft have been collecting
meteorological variables (temperature, pressure,MRhktls) as a part of the tropospheric
Airborne Meteorological Data Reporting (TAMDAR -
http://www.airdat.com/./tamdar/index.phgystem. While TAMDAR is designed to
provide near-real-time data for forecasting, th&tesy provides valuable vertical profile
temperature data (and other variables) during #¢s@eml descents that potentially can be
synthesized to fill in temporal and spatial gapgmiund based profilers.

The Meteorological Data Ingest System (MADIBtp://madis.noaa.goyis an
integrated system incorporating observations frorargety of surface-based, vertical
profile, and satellite networks.
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3 Maintaining and Advancing Observation Programs

As discussed in the introduction, emerging chaksng air quality management will
require pollutant monitoring programs to becoméhbnbre comprehensive and more
integrated. These improvements to the current raong infrastructure would enable
substantial progress in meeting what has beenifdehas the “highest priority” goal in
improving U.S. air quality management: strengthgnire scientific and technical
capacity of the air quality management system sessrisk and track progress (NRC,
2004). Addressing monitoring gaps and integratingeovation systems help address
what this National Academies panel listed as ‘caitiactions”, including improving air
guality monitoring, emissions estimates, and aaliqgpumodels.

This section first outlines specific gaps in thereat network (species, spatial, and
temporal gaps) and describes how maturing satelliservations will complement
existing networks, but will not fill those gaps.Xeve describe how, beyond filling
identified gaps, better integration of networks &etlveen various types of data and
models is needed to realize the full value of aaliy monitoring data and the models
that support air quality analysis. This integratismeeded to meet the challenges
identified above. Finally, we describe organizagidparriers to advancement and
integration of air quality monitoring networks.

3.1 Specific Gaps and Opportunities in Observatiolsystems

Network design is naturally based on the objectofaadividual agencies and programs;
this results in observational gaps that affect hpategrated environmental
assessments. Considering the complex issues degaiiove, specific observational
improvements would add considerable value to osiresy of air quality observations.

3.1.1 Measurement Gaps of Specific Species or Paraters

The following discussion summarizes observatiordaeglvocated by the scientific
community through NAS reports (NRC, 1991, 2004,20B), NARSTO assessments
(NARSTO, 2003, 2010), and other venues.

These gaps significantly hamper analysis and assggsFor example, as a result of the
lack of representative measurements, EPA’s modduation program does not routinely
include comparisons between observations and méaledgsnumber of key species (e.qg.,
CO, NO, and VOCs). These comparisons would bequéatily useful indicators to
evaluate the emissions, meteorology, chemical nmesima transport parameterization,
and other processes in the models.

Nitrogen species.Nitrogen chemistry plays an important role inaaiety of
environmental problems such as ozone, particulait#em acidification, eutrophication,
and visibility. Unfortunately, an adequate obsenrabase does not exist to determine if
ambient nitrogen response is consistent with measand predicted NOx emissions
changes in response to recent regulations. Thigyatifiithe existing urban-oriented
measurement network to detect ambient NOx charggexcemted with regional scale
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emission reductions from power stations is compsewhby strong local NOx emissions.
Also, NG, data from most network NOx monitors is compromibgather oxidized
nitrogen species. The NCore network will provide@dest contribution by measuring
reactive nitrogen (NOy) in over 70 locations andwdtd spur greater coverage and
deployment of instruments producing true NiDservations. True Ns an important
diagnostic species for atmospheric chemistry pseeand is needed to validate satellite
NO, observations and convert column data into bouni@gsr concentrations. Accurate
measurements of true N@iill also likely grow in importance if NONAAQS are
tightened, causing the likelihood of nonattainmaithe standard to increase.

Further measurements of oxidized nitrogen spetiekiding peroxy acetyl nitrate
(PAN) and nitric acid (HNg), would assist diagnosis of deposition and ozanedypction
during transport. Increased use of biofuels wiligobially elevate PAN concentrations,
and along with observations of other carbonyl conmais, PAN will be an important
indicator of the air quality impact of new fuelsdditionally, HNG; can be a key
indicator species for understanding the NOx vek8D€ limitation on ozone production
in a given area.

Two reduced nitrogen species, gas-phase ammonig) @id particulate ammonium ion,
are important components of nitrogen mass balandenaportant for assessments of
visibility, fine particles, and ecosystem depositidhere are few ambient NH
measurements, as most monitoring of this speciesr®dn strong source (agricultural)
locations to estimate emissions flux. Also, ammonian is analyzed as part of the
chemical speciation program, but Btblatilization creates a negative bias in those
values.

Routine measurements at one or two representaiwatibns of nitrate radical (N{) the
dominant nighttime oxidizer, would enable diagnagisnodel predictions of overall
nitrogen characterization. Nitrous acid (HONO)nsimportant precursor of hydroxyl
radicals (Stutz et al., 2004, Zhou et al., 2002icWlare critical in daytime atmospheric
chemistry. HONO also reacts heterogeneously witbsmés; HONO sources and
chemistry are not well understood and are likelgegoorly characterized in air quality
models.

Among these needs, a reasonable priority woula ®mhance measurements of true;NO
and NH; in our national networks.

CO and SG. The atmospheric lifetime of carbon monoxide (@®yne to three months
makes it a useful tracer for evaluating emissiors @hysical process approximations in
air quality models. Sulfur dioxide (S¥s the predominant precursor of sulfate, which is
a major contributor to PM, acid precipitation, aedional haze. The available 5é&nd

CO measurements are largely urban and often inmityxto major sources, limiting

their representativeness for broader areas. Irtiaddmost of the current instruments
were designed to capture high concentrations,dorptiance purposes, and are not
designed to measure the lower concentrations tiypfcaral areas.
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Mercury. The chemistry of mercury in the atmosphere isesnglbut it is known that it
has significant impacts on ecosystems and humdthh&&ercNet is a planning effort
organized through NADP to standardize and netwarkirmedia mercury
measurements. This network will combine existing aew monitors to the extent
possible. Speciated mercury measurements are iampdor model evaluation and
tracking progress of any future emission reducsimategies, although the existing
technology will present challenges related to titaoréng from research grade
instruments to routine operations.

Volatile organic compounds. Biogenically generated VOCs (isoprene, terpenes,
sesquiterpenes) contribute significantly to therfation of ozone and secondarily formed
PM,s. These compounds are not monitored by the urbaeebBAMS or toxics networks
(see section 2.1), which are the primary source8®€ data in the U.S. The absence of
VOC data in most moderate-sized cities raises casaegarding the overall
representativeness of a network based primarilherseverity of ozone problems in the
early 1990s. More troubling is the lack of rural €@ata, especially formaldehyde,
which is a designated hazardous air pollutant (H#R) is also used as a proxy for
biogenic emissions and is a useful diagnostic fodeh evaluations. In addition,
formaldehyde could indicate alterations in atmosighghemistry resulting from a future
transition to alternative transportation fuels (eadcohols or natural gas). Finally, the
value of total column formaldehyde from satelliasuld be enhanced by more spatially
rich surface observations.

Organic PM composition. The organic carbon fraction of the total aerdmalget will
increase given planned programs to reduce emissfansrganic precursors from
mobile sources and power plants combined withdhgel, uncontrollable organic
emission from biogenic and biomass burning soui€asmical speciation networks
provide an aggregated total organic carbon estimsatee it is not practical to resolve the
full molecular spectrum of organic aerosols. Ndwelgss, key molecular markers
(Schauer, 2005) would assist source apportionnmahtlastinguishing primary and
secondary aerosol. Given the cost of sample calleeind analysis for organic
composition, two to five diverse sites with reprgséive mixes of aerosols and aerosol
sources should be considered to supplement orceeplarent routine speciation
analyses.

Aerosol physical properties. Interest in near roadway and ultrafine particlpasures,
particle nucleation processes, and tracking changerosol size distributions associated
with adoption of alternative transportation fualéghlin et al., 2001) motivate improved
particle property measurements. Recent advandastiumentation that produce
relatively reliable and low cost estimates of mdetnumber and surface area offer
potential for routine network operations. An inlit\ao to four sustained sites to capture
long term changes in particle size characteristiesrecommended. Particle size
measurements could be incorporated in a more fdaef$ert characterizing a range of
particle and gaseous attributes associated withéhe roadway environments.
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3.1.2 Spatial Gaps

Integrated assessments necessarily deal with trevime of pollutants over multiple
spatial scales, owing to the fact that physicocleahprocesses occur on overlapping
scales of time and distance. Matching actual pafiuéxposure to individuals, a key link
in the source-to-outcome accountability chain, negumonitoring at a finer spatial scale
than current networks provide. Primary emitted ygalhts, which include most of the 188
designated HAPs as well as a significant fractibRM, are subject to very dramatic
gradients in the near-source region, which oftenades with high population density.
Characterization of regional- to urban-scale paltigradients provides insight on the
relative contribution of regional and local sourte$ocal pollutant levels.

Juxtaposed with the need for finer-scale monitorsngn emerging understanding of long
range transport and a gradual rising of backgrquoilditant levels. The significance of
these contributions to U.S. air quality is incregsigiven the progress in North American
pollution abatement, relative to increased atmosplh@ading from expanding
economies in Asia. Compounding the relative infeenf transport and a rising
background is the adoption of gradually more stiridJ.S. air quality standards.
Consequently, monitoring pollutant flow across Mosimerican borders, as well as
global tracking of “background” levels, is relevaotNorth American multi-pollutant air
guality management and accountability.

Spatial gaps in our observation networks include:

Near source - fine scale characterizationAmbient monitoring networks typically
provide primary data to support a broad range pbeure, epidemiological, and risk
assessment studies relating health outcomes tat@ollexposure. Epidemiological
studies traditionally use air monitoring data fremgle, centrally-located urban stations
as a surrogate of human exposure. However, (a) peagtle in North America live or
commute in locations proximate to sources, esdge@hdways, and (b) pollutant
gradients in urban environments create large uaicgies in outdoor exposure in large
cities. Neither of these issues is addressed efédygtin current monitoring programs.

Internal rural coverage. Three national level networks form the backboheil air
guality measurements: IMPROVE, CASTNET and the NAB&e section 2.1). While
these networks were designed for specific objestitleey have also been extremely
useful for general air quality model evaluation amhsport assessments. However,
major spatial gaps exist in monitoring of surfaegsdx ozone and key source indicator
and precursor species (CO, SU0Cs, speciated aerosol, NOx, and NOy) throughout
the midsection of the nation (see Figure 2 in $ack). EPA’s primary NAAQS, which
are set to protect public health, have led to them focus in monitoring of these species.
Rising background pollutant levels, and more semgNAAQS, will require more focus
on monitoring covering rural populations. Also, ERAonsidering promulgation of one
or more secondary NAAQS, to protect public welfaéinat do not default to primary
standards (as most have done over the last twaldscaor example, inclusion of
ecosystem-based critical load concepts into thadidation of a combined NOx/SO
secondary standard targeting acid deposition atrdghication is under consideration.
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Sentinel stations to link transport regimes. The addition of two or three remote
stations on the east and west coasts of North Axame&rould support trans-oceanic
transport assessments, global and regional aitguabdel evaluation, boundary
conditions for models, and insight on trends ofdgaound air quality. Sentinel sites need
to be supported by a stable resource base, siacanbst significant benefit is often
derived from analyzing long-term trends. Coincidexasurements of{@nd aerosol
components (nitrate, sulfate, organic and elemeatdion, trace metals), precursors of
O3 and aerosol (total reactive nitrogen, PAN, VOC=& 8Q), and atmospheric tracers
(such as CO, CQand mercury) are needed. Transported pollusanastly aloft, rather
than at the surface. Such sentinel stations woelldspecially effective if they are
located at altitude or if they include vertical follmeasurements.

Vertical profiles of key atmospheric speciesVertical profiling of boundary layer and
free troposphere air chemistry in North Americlinsted to lidar networks, specialized
field campaigns, and a small number of ozone sogldases. The CALIPSO instrument
provides lidar profiles from space, producing sal/aarrow “curtains” per day over the
U.S. (although the boundary layer is often scrednedouds). More routine boundary
layer profiling of meteorology and air chemistrywia provide valuable support for
model evaluation and emerging efforts integratirgglels and observations.

For example, surface-based networks typically noonfie lower ten meters of the
atmosphere, where most of the air we breathe &ddc However, there are usually
significant differences between this air and thé.REhich models attempt to
characterize, as a whole. In addition, the rawidsametwork lacks adequate temporal
resolution to adequately track the diurnal patt@ffBBL heights, while NPN radar
profiling does not provide sufficient vertical résion for PBL characterizations.
Moreover, radar profilers have inadequate spatiaérage and lack consensus
methodology to synthesize raw data into derived RBights conducive to model
evaluation. Similar gaps were noted in a recentddat Academies report on climate and
weather observations (NRCb, 2009), which listed rgrthe “highest priority
observations needed to address current inadequ&eésheight, air quality
measurements above the PBL, and vertical profilésimidity.

Since satellite total column data does not simplyespond to surface conditions, routine
vertical profiles of key species such as ozone;, KD, SQ, and aerosols are needed to
establish the relationship between surface-based aod satellite observations,
increasing the value of each system. As discusskavbthis will help make satellite data
appropriate to fill gaps in sparsely monitored aré¥tential investments in vertical
profiling programs that would help leverage sateltlata include:

» Expansion of NOAA’s ozone sonde program to proddded spatial coverage in
the continental U.S. and addition of key trace masasurements.

* A sustained U.S.-based aircraft campaign (natiandlinternational flights),

similar to the MOZAIC and CARIBE European effottis,produce routine
vertical profiles of key trace gases and aerosols.
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» Deployment of fixed-site lidars at key locationsailighout North America to
provide continuous profiles of back-scattered liggving as a direct link
between ground-based B¥in-situ samplers and MODIS and CALIPSO satellite
instruments. Such a network could build on and dempnt the existing NDACC
lidars and semi-routine aircraft-based measurensnidOAA.

3.1.3 Temporal Gaps

Temporal gaps in measurements include challenglearmonizing continuous and
gravimetric PM mass monitoring, and the lack oftocarous or daily speciated
particulate observations. As noted elsewhere, meamnts from most satellites and
sondes are only available once or twice per daytifig their usefulness.

The demand for higher temporal resolution for jgaitite matter observations has
increased as a result of recent findings regardimgan health response (Peters et al.,
2001) and with our developing understanding of radale atmospheric processes. With
the exception of PM mass, particle properties atemonitored continuously on most
networks.

While North American networks have deployed oved Bfutinely operating continuous
PM,smass samplers, harmonization of continuous andrgedsic (i.e., federal

reference) methods for PM mass remains a challévigasurement artifacts (e.g., loss of
mass of semi-volatile constituents) associated thighfilter-based, gravimetric
techniques creates significant ambiguity in the ¥a. Harmonization could make
continuous data more comparable with gravimetrte,dallowing characterization of
particle concentration distributions across langsas, but could detract from efforts to
produce “true” atmospheric aerosol measurementsefation techniques could avoid
this problem. Eventually, harmonization of theseasugements could address both
temporal and spatial gaps in RMnonitoring.

Routine PM chemical speciation networks acquird@dr averaged samples, collected
every third or sixth day. This sampling designdeguate for supporting the annual PM
standard and the U.S. regional haze program, mitslthe investigation of PM
associations with adverse health effects, evalnati@missions, development of air
guality models, and application of source attribntiechniques. Continuous PM
speciation technology has been used in the Sueemsiogram, and light absorbing
aethalometers (an indicator for elemental carbothe U.S. air toxics NATTS. Also, ten
to twenty continuous sulfate and organic carboryaees are located in a mix of
SEARCH and state or local agency platforms.

As noted above, atmospheric column and verticabplved profiles of key air quality
and meteorological observations typically lack adeg temporal resolution, in addition
to a generally sparse spatial distribution. Thedadaily sonde launches often miss key
periods of boundary layer evolution important favdel evaluation. Polar orbiting
satellites typically only provide one and sometirtves instantaneous readings per day
for a specific location.
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3.1.4 The Role of Satellite Observations

As surveyed in section 2.3, satellites provide ity global daily monitoring of a
number of species important for air quality andnetie. The important limitations of
these measurements were discussed above. Hersousslhow satellites can
complement other monitoring, emphasizing that yples of observation become more
valuable when they are integrated.

Satellites observe air quality where little or matine in-situ monitoring occurs, such as
over oceans and rural areas. Low Earth orbit misspyovide near-global coverage, with
limited temporal resolution and coverage. Geostatip missions offer much better
temporal coverage of a defined region.

Current and future air quality satellite missionsvide a stream of air quality
information for North America, and should strongifiuence design of our routine
monitoring programs. These data will improve neantair quality characterizations and
offer potential to enhance air quality assessmérwever, considerably greater value is
realized from satellite observations when integtat@h complimentary ground-based
point and vertical profile observations. This begwith the validation effort, when the
algorithms used to produce column densities fromgatellite readings are refined and
calibrated; validation depends on independent nteasents underneath the satellite.
Several of the surface-based recommendationsdoe yas measurements, such as
formaldehyde, N@ CO, and S@ discussed above would be very helpful for valaat
Intensive field studies have been useful in prangdrertical information for satellite
validation, but they have limited temporal and sdaioverage.

Beyond that stage, satellite data become usef@dddressing spatial or temporal gaps in
ambient monitoring when integrated with existingmtoring networks. This would
enhance both regional and global scale air quelityacterizations, addressing important
criteria pollutants such ass@nd PM s and selected air toxics such as formaldehyde. The
integration of these disparate measurements issisd below in section 3.2.

In addition to the challenges and limitations ahgssatellite data discussed above, it is
organizationally challenging for EPA to effectivedypport planning and development of
satellite missions. This is discussed in secti@ 3.

3.2 Integration Opportunities and Approaches

In light of the challenges described in sectioassessment of many air quality problems
is best served by the use of many types of obsensaéind models. Likewise, these
observations serve multiple objectives, and arelegdy disparate organizations and
user communities. Integration of observations @edent types, and from different
organizations, is a major opportunity, but alsegaificant challenge.

Conceptually straightforward integration opportigsf from a variety of perspectives,
include:
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* Enhancing the horizontal and vertical characteiopadf key species:

o horizontally by combining urban- and rural-basetiwoeks (e.g., urban-
based speciation networks with the rural-based IMWR program;
SLAMs (urban) and CASTNET (rural)sQtations)

o vertically through the atmospheric column by blendsurface
measurements, vertically-resolved observations fgomand-based and
aircraft platforms, and satellite data

» Combining precipitation and dry observation netveaidk develop deposition
fields, as performed currently through the CASTN&O NADP programs

» Collocating atmospheric deposition observations wdil and surface water
measurement campaigns

» Collocating a variety of different species measiweets to yield multiple pollutant
characterizations within a consistent spatial frame

* Matching ambient measurement fields to human dgtpatterns to estimate
exposures, and matching ambient measurements ssiems fields, via inverse
modeling, to refine emissions estimates

» Using air quality models in combination with obsaiens to address spatial and
temporal gaps associated with limited observations

Some of these examples are straightforward likikeoeombinations of two networks
with different but overlapping domains. Others,sas blending of satellite, surface, and
aircraft data, or combinations of models with olkagons, are technically and
scientifically challenging. Finally, organizationadrriers (see section 3.3.) exist for all of
these, particularly those that require moving nmasibr modifying methods.

3.2.1 Observations and Models to Improve Environn@al Characterization
Increasingly, models and observations are beind teggether, in a variety of ways, due

to advances in computational efficiencies and gpoase to the complexities discussed in
Section 1. Air quality models typically have beeed in prognostic applications that
address hypothetical questions considering thetsfldf management programs and rules
on future emissions and air quality changes — atfon outside the scope of
observations. More recently, air quality modelsenbeen used for forecasting (next day)
air pollution and providing more spatial texture/twed central site monitors to drive
human exposure models. Observations themselvestmkuate resolution (space, time,
and composition) to support integrated assessments.

The integration of chemical observations and chahtiansport models is evolving and
shares common attributes with weather characteizéand forecasting), although
lagging in maturation. Observation and model iraéign efforts range from using
measurements to evaluate model performance tadimensional data assimilation
(FDDA), as used in meteorological models. Variatiand intermediate levels of
integration exist. Areas of model-observation liggés include:

* Model results to guide monitoring site design ftagement in areas of expected

high concentrations, steep concentration gradianis,important transport
corridors;
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» Observations supplying direct inputs for initiadéor boundary conditions;

* Observations to indirectly improve model inputsotigh inverse modeling of
emissions;

» Observations to evaluate model performance, diagnmuxiel behavior and
constrain model adjustments;

* Observations combined or “fused” with model estesab add spatial, temporal
and compositional texture to air quality gradieiaisgl

» Dynamic assimilation of observations to nudge meséinates, analogous to
FDDA in meteorological systems.

These linkages between models and observatiorengshasized here to influence a shift
in monitoring design that explicitly recognizes tieéationships of observations to
models.

3.2.2 Information Technology to Facilitate Data Acess, Integration and Use
Integrated air quality management requires teclygyolo facilitate discovery, access,
manipulation, archiving, and harmonization of nuowsrdisparate information sources.
Accessing and manipulating observations from singkvorks or databases remains a
challenge, despite large investments. Some apiolicaaind tools to access and integrate
multiple data systems have eased the integratioiispairate data from multiple
programs, but by and large differing formats armshdtairds and gaps in metadata
significantly hamper integration of different typefsdata and models. This prevents
analysts from realizing the full value of air giyldata.

The EPA system for accessing air quality obsermativas designed primarily as a
repository for data and covers only a part of Wi&ervational archives. Several other
organizations have recently built publicly accelssibser-friendly air quality data
reduction, integration, analysis, and visualizasgatems. These include VIEWS, the
Visualization Information Exchange Web System deped by the Regional Planning
Organizations (RPOs) in support of visibility assaents, and the Health Effects
Institute’s air quality database (see section ABRSTO fttp://www.narsto.org/also
has constructed an accessible database for ingefisig campaigns.

GEOSS, the Global Earth Observation System of Bys{see section 1.3), is a current
effort to build a framework to enable national goweents to make Earth science data
more accessible and usable for decision suppo®@$3Eis designed to make data easier
to find and access, but also to support a serviegved, interoperable, systems
approach, in contrast with the end-to-end systemisdlly built to process, manipulate,
and visualize air quality and satellite data. Tdpproach should produce more cost-
effective, nimble, and usable tools to allow antye integrate different types of
monitoring data, models, emissions inventories, Bbe GEOSS approach has been
demonstrated and piloted by several projects, sothe support from federal agencies.
These include:

+ DataFed littp://datafedwiki.wustl.edu/index.php/DataFed Wikihich demonstrates
linking surface-based air quality data integrasgatems such as VIEW&th
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observational and modeling systems, expandingahger of environmental
characterization relevant to comprehensive integranhvironmental assessments.

» Air Quality work in the 2008 — 2009 GEOSS Architeet Implementation Pilot,
which developed the GEOSS infrastructure for aaliggdata and built “Air Quality
Community Infrastructure” which air quality analystan use as an interface with
GEOSS.
https://sites.google.com/site/geosspilot2/air-guand-health-working-group

These emerging integrated systems will help addes$siology needs for
comprehensive assessments, but will require a st sustained investment and
engagement from supporting and user communities.

3.3 Barriers to Progress

Any approach to addressing the emerging air quahty assessment issues must
recognize the resource, technological, and ingiitat constraints that impede the
progress of air quality monitoring programs.

Sustaining infrastructure. As is well documented in many fields, it is ckalyjing for
organizations to maintain infrastructure. Monitgrsystems are similar. Users are often
in different organizations than providers and tdieedata for granted. In fact, seamless,
automated access to data lets users work withvd#dtaminimal awareness of who
produced it. Many measurement networks struggle witdated technology, old
equipment, and aging workforces. Monitoring systemsport more visible downstream
assessments, and often rely on “trickling downtesfources, which is difficult to sustain.

Organizational priorities. Organizations often lack the resource flexibitiysupport
medium or low priority measurements. For examplAEelies on Federal Reference
Methods (FRM) and Federal Equivalent Methods (FEd/Bssess compliance with air
guality standards. With constrained budgets, atfegisurements of strong scientific
value generally are difficult to fund. Recent EP&mples include the continued
acceptance of existing NOx instruments with knovasés, despite development of a
new NG standard.

Transitioning research and technology developmenbtoperations. Measurement
programs supported by research organizations atieydarly vulnerable to loss of
funding, compromising long-term records and otlppliaations. In the case of satellites,
“research” sensors/platforms with finite lifetima® typically not replaced. Although
analysis of long-term air quality patterns is aegesh interest, research organizations
typically focus on methods development and phys$ieatdcal process characterization
and expect to transition routine measurement progita operational organizations. For
example, NASA satellite missions typically haveidedl operational time spans, yet
transition to longer term operational status thtopgrtner agencies is generally not
planned in advance. Successful transitions haveded the LANDSAT mission
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partnership between USGS and NASA, as well as ERrasagement of CASTNET,
which was transitioned from EPA’s research officd&PA’s air office in the late 1990s.

The original NCore monitoring strategy for proposedel 1 sites was to form
partnerships between universities and state aradl &gencies to test emerging
instrumentation and jointly share in the transitidmesearch grade equipment to
operations. Despite recommendations from EPA’srieeid\dvisory Board, Level 1
deployment has not been developed beyond the ctwadegpage. Consequently, for
example, there has been inadequate incorporatioartinuously operated speciated
particulate matter and mercury, and inorganic gerospecies (reduced and oxidized
forms).

Challenges of Long-Term Support for Future Satellie Missions

A particular case of the research-to-operationfierge is the difficulty user agencies
face supporting the development and funding ofreusatellite missions. Satellite
instruments are planned, developed, and funded yedore the platform is launched,
due partly to the high costs associated with segetlissions. This time frame often
extends beyond the planning time horizon of a r&@guy agency. EPA does not fund
satellite missions, but it would be useful fornideother user agencies to have a
mechanism to express support for instruments /iomssand commit to using the data
they produce. While it is difficult for an operati@ agency to commit to use data many
years in the future, such commitments will influemaission funding and instrument
design decisions.

Satellite instruments have proven to be essemtraif quality analysis and management.
Moving forward, to respond to demands from emergimgjuality assessment

challenges, satellite data will continue to beicait a message that needs to be conveyed
by user agencies.

Market incentives. Beyond the need for FRM/FEM instruments, theeefaw market
incentives for instrumentation firms to pursue émgineering and development steps
required to produce operational grade methods. fifrasicial barrier is linked to the
above noted issues regarding agency prioritiessitian from research to operations, and
communications.

Observation technology is typically developed bgiwidual research groups for specific
applications typically associated with a specifib br field campaign objective; this
technology can then be passed on to other usergexample, NASA develops satellite
observation platforms in space and on aircraftagiy for single use, promising
technologies are then transferred to NOAA and &tslensors are operationalized by
NESDIS. There is no similar development path fafezxe monitoring technologies for
atmospheric chemistry for use by EPA or state andllair quality managers.
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4 Recommendations
4.1 Establish a Standing Multi-Agency Observation¥Vorking Group

The survey of air quality observations and the ysislpresented in this report has
pointed to a number of deficiencies and opportasitor improvement in the air quality
observation system as currently implemented inkl& The report also identifies a
number of generic recommendations to address tlefszencies.

The authors recommend the establishment of a wgdgiaup on air quality
observations, to be chartered under the Air Quilggearch Subcommittee of the CENR,
to address these deficiencies. The objectivesigftbrking group would be:

* Provide a forum to facilitate cooperation and dadlia@ation among the federal
agencies with air quality observation programs.chiality measurements are
important to so many users that a broader viewehiealth, relevancy, and
evolution of observation programs should complentieaexisting single-
organization focus on discrete network elements.

* Provide an interface between the various user camtras [e.g. air quality
managers, health scientists, air quality forecastdc.] and those involved in
making air quality observations to insure the besaire maximized for both
communities.

* Extend the analysis presented in this report aneldp specific
recommendations for improvements to the Natiorr'gjaality observing system
and track progress towards the goals establishmtifgally, the Working Group
on Air Quality Observations would:

0 assess the adequacy of current networks and measniréechnologies

o identify important measurement gaps

o identify important information gaps and opportugstior advancing
technology and sharing and utilization of obsenraprograms.

» Coordinate the development of multi-agency initiesi to address deficiencies
that have been identified and enhance and extemplality observations in the
UsS.

The issues raised in Section 3 would constitutestigect area for this working group.
The unique contribution of this group, relativanteragency review mechanisms, would
be an emphasis on a comprehensive, integrated #taipes missing from single agency
perspectives. The task force would conduct pericelreews of the U.S. air quality
observation system, assessing the ability to mee¢ict and anticipated needs. Key gaps
in measurements that would provide important bé&neficombination with existing
programs would be identified, as well as inefficies such as redundant or outdated
programs. Building on coordination and collabonatibemes, the task force would
promote information technology efforts that enhadata access, discovery,
interoperability, understanding, and usefulnesspgaizing the benefits of multiple users
in realizing the full value of observations and\pding important quality assurance
feedback. In addition to this programmatic coortorg the task force would identify
opportunities for development of measurement telcyies.
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Key to the success of this group is the abilitptovide meaningful input to the
allocation process for both existing and plannetueces. The involvement of federal
agencies engaged in air quality observing progr@s, EPA, NOAA, NASA, USDA,
DOE, DOI) should be considered. Given the unlikaith of any clear authority granted
to a multi-agency working group, a charter mustibeeloped clearly articulating
responsibilities of the group members and chairofmunications and methods to
effect needed change in observations programso@ptivhich are not mutually
exclusive, include direct reporting to agency semanagement and resource officials,
briefings for National Academy of Science officialsd relevant committees, and
consideration of approaching the appropriate Casjpeal committees and advisory
bodies to the Administration (e.g., Council on Eaaimental Quality (CEQ), Committee
on Environmental and Natural Resources ResearcNRJEOffice of Science
Technology and Policy (OSTP), etc.).

4.2 Address Current Observation Gaps

Numerous important measurements that are missimggrort supply were described in
Section 3. This analysis will need to be revisésdnonitoring systems and our
understanding of the atmosphere evolve, and ithveilappropriate for the task force to
add their perspective to the analysis presented.the

While requests for added observations have besadgeriodically, this renewed effort
is intended to (a) increase the overall value-tst-catio incurred collectively through a
system of measurement programs and (b) improvedhmprehensive effectiveness of
measurement programs where past requests havetbonsspecific topics without
recognition of the broader opportunities for lewgrand cooperation. Suggested steps
include:

1. initiate monitoring of reactive gas and particulatieogen compounds, which are
precursors of ozone and particulate matter, cautrils to acid deposition, and
nutrients in ecosystems,

2. collocate instrumentation at core monitoring sitefacilitate inter-comparison
with satellite observations,

3. expand monitoring in rural/remote areas to measg®mnal backgrounds and
contributions from long-range transport of pollutgn

4. establish monitoring in near-source areas to tiaskds and better understand
observed near-source health effects, and

5. expand intensive field studies designed to elueidatical processes that
determine atmospheric concentrations of ozone artitplate matter and other
air pollutants.
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Introduction to Appendices for Existing Air Quality Monitoring
Programs

Observation programs supporting air quality andtesgl assessments include routine
regulatory networks, deposition networks, intengiglel studies, remote sensing
systems, sondes, aircraft campaigns, satellitesfarused fixed-site special purpose
networks. Appendices A — H provide informationawide variety of these air
monitoring networks. Major networks that are caotigoperating are emphasized;
reference to other networks that have been diswosdi, or that were only intended for a
specific operating period, is also provided. Tbeus is on networks located in the U.S.,
but attention is also given to other North AmericBaropean and international efforts
that contribute to U.S. assessments.

Given the emerging themes in the main body of épent stressing integration of spatial
scales, environmental media and pollutant categiottre scope of coverage providing an
overview of networks is inclusive. While fixedesitsurface-based networks constitute
the majority of coverage, programs providing t&atth column and vertical-profile,
remote-sensing systems and dedicated verticalipgpfirograms are also widely used.
Programs addressing climate forcing gases and@sydesng range transport and
assessment of stratospheric ozone complement treetraditional regulatory-oriented
networks; they are included with the intention gplering effective methods toward
integration of the various networks to serve midtjpurposes.

The information in these appendices is generalijpoized by measurement category
covering a range of networks and programs:

Appendix A. Evolution of United States Air Monitng Networks

Appendix B. Major Routine Operating Air Monitorimgetworks

Appendix C. National Routine Meteorological Momitgy Networks

Appendix D. European Air Monitoring Networks

Appendix E. Monitoring Networks for Persistent @ngc Pollutants (POPS)
Appendix F. Field Campaigns for Non-Routine Splcigensive Studies

Appendix G. Satellite - Based Air Quality Obseryiiystems

Appendix H. Air Monitoring Networks for Climate Fong, Transport, Vertical Profile
Information, and Stratospheric Ozone

Appendix . Acronyms

Appendices are generally provided in table-fornt theludes the network name, lead
agency, number of monitoring sites, the year itelameasurement parameters
(primarily air pollutants and meteorological paraens), and the Internet address for
information and/or data for the network identifieldmited supplemental information is
given in tables for the non-routine special inteastudies and for the satellite observing
systems.

Information provided in the appendices is the pobdd extensive Internet searches and
information provided by knowledgeable represenéstiof the agencies responsible for
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the networks. In most cases, the information medihas been taken directly from the
referenced Internet site; this is particularly todesupplemental information for the non-
routine special intensive studies. Attributiortlas information should be to those
Internet websites.

The appendices, in addition to providing a useftgrence or starting point for
discussion in the body of the report, also proddeasis for addressing needed air
monitoring network enhancements, whether they badditional parameters, site
locations in key rural gaps and source areas, @eddertical information. While the
appendices provide only a limited factual synop$ithe air monitoring networks and
data that may be available, they do provide a &tathe more analytical process of
identifying the value that is and is not providgdtbe networks. Ideally, these catalogs
of monitoring networks should form a basis for asseent, i.e., the redundancies, the
gaps, and the effectiveness of networks in medatitegded objectives. Such an
assessment sets the stage for recommendatiors mnatim body of this report.

Information for and comments on preliminary versiah the monitoring network tables
were provided by:

Bruce Doddridge (NASA)
Jim Szykman (NASA)
Rick Artz (NOAA)

Ed Dunlea (NOAA)
Steve Fine (NOAA)
Shobha Kondragunta (NOAA)
John McNulty (NOAA)
Jim Meagher (NOAA)
David Parrish (NOAA)
Bill Malm (NPS)

John Ray (NPS)

Julie Thomas (NPS)
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Appendix A. Evolution of United States Air Monitoring Networks

The 1970 Clean Air Act (CAA) established a framekvimr the original National
Ambient Air Quality Standards (NAAQS) and drove thesign and implementation of
the NAMS and SLAMS networks in the late 1970s. seheetworks were intended
primarily to establish non-attainment areas wipeet to the NAAQS which include
ozone, sulfur dioxide, nitrogen dioxide, carbonxilile, lead and particulate matter (PM).
The NAMS/SLAMS networks have evolved over time (FiggA.1) as a result of cyclical
NAAQS review and promulgation efforts leading t@aobges in measurement
requirements related to averaging times, locatémsthe various size cuts associated

with PM.
/__/\ TSP CO  NO2 PMIO
SO2 03 Lead— PM25 |
\ " —

N

w

N

# of Sites by Pollutant (x1000)

[y

1996 2000
1995 1999 Current

Figure A.1. Evolution of U.S. air network growth.

Relatively wide geographical distribution and pstesnce of ozone and BMNAAQS
exceedances (Figure A.2) have lead to these potRittominating the national
monitoring landscape.

Daily

Figure A.2. 2006 air quality summaries for ozone, annual aveRIg2.5 and daily PM2.5. Yellow and
red sites indicate values excceeding NAAQS lewasice, EPA).

Two important ambient air networks focused on eminental welfare effects were
established in the mid-1980’s. The InteragencyrkgeMonitoring of Protected Visual
Environments (IMPROVE) network with over 100 sitle$\National Parks and other
remote locations is used primarily to assess Visibmpairment, but has provided a
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reliable long term record of PM mass and major ispen components and served as a
model for the later deployment of EPA’'s STN netw(s&e Figure 2 of full report),
which has provided an urban complement to chanaetaerosol composition (Figure

A.3).
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Figure A.3. Regional chemical composition of BMaerosols based on urban speciation sites and
averaged over the entire 2006 sampling period (s@006 EPA Air Quality Trends Report).

The Clean Air Status and Trends Network (CASTNE&pwstablished in the early
1990s to track changes in dry deposition of majorganic ions and gaseous precursors
associated with the CAA Title 4 reductions in sulind nitrogen, designed to address
surface water acidification in Eastern North Amaricomplementing ongoing
precipitation measurements from the National Atnhesjig Deposition Program

(NADP), CASTNET has provided a valuable source oflel evaluation data for many
of the large regional scale applications sincel®@0’s.

Deployment of the Photochemical Assessment and ldeasents Stations (PAMS) and
the PM snetworks from the early 1990’s through 2002 markeaiihanced the spatial,
temporal and compositional attributes of gasesaamndsols, partially supporting user
needs beyond NAAQS compliance (e.g., public repgréind forecasting of adverse air
quality; implementation efforts including air gugimodel evaluation and source
apportionment and pattern (spatial and temporallyais of precursor species.

State and local air agencies have measured ayafiatetallic and gaseous hazardous

air pollutants (HAPS) at over 200 locations sirtoe 1980’s. Typically, broad access and
use of those data were compromised by a lack dfaleaed data bases and multiple
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sampling and laboratory protocols enhancing datamainty. In response to this gap in
accessible and centralized HAPs observations, @st@3 site National Air Toxics
Trends (NATTS) network was initiated in 2001. @umrNATTS species include:
Acrolein, Perchloroethylene, Benzene, Carbon thtoaide, Chloroform,
Trichloroethylene, 1,3-butadiene, 1,2-dichloroprmgaDichloromethane,
Tetrachloroethylene, Vinyl chloride, Formaldehydegtaldehyde, Nickel compounds,
Arsenic compounds, Cadmium compounds , Manganespaands,, Beryllium, Lead,
Hexavalent chromium, and expected additions of zB&)pyrene, Napthalene.

A new multiple pollutant monitoring network refedireo as NCore was incorporated in
the 2006 revisions to the particulate matter stedslaWhen finally implemented in
2009, NCore will provide a minimum of 75 Level 2esi (Figure A.4)n most major
urban areas and important transport corridor a#idgraund locations. NCore will
include a variety of trace gas, aerosol mass aedi&on measurements which are
intended to support multiple data user needs (@mguality model evaluation, long term
epidemiological studies). In addition to estabhgha multiple pollutant measurement
framework, the NCore sites are intended to progitbackbone of central location sites
that can be complemented by additional (existird)r@w) stations to address more
specific spatial resolution requirements. A latkumding support has hindered
implementation for more intensive Level 1 sitesemiled to promote transition of new
technologies into routine networks, which were esdd by the monitoring
subcommittee of the Clean Air Scientific Advisorgi@mittee (CASAC).

NCore Measurements | Level !- 3-10 Master

Sites Comprehensive i
X Measurements, A N ey

Level 2: ~ 75 Multi- Advance Methods P " e

. pol‘l‘ufnnf (MP). " Serving Science and Py @ TTTSH T
Sites,"Core Species Technology Transfer I e sl o
Plus Leveraging From L1 Needs B, j B e -

PAMS, s 1 5
Speciation Program, L2 =
Air Toxics

Level 3: Minimum
Single Pollutant
Sites (e.g.> 500

sites each for O3
and PM2.5 and

related spatial o ke

Minimum "Core" Level 2 Measurements Mapping Support v §

Continuous NO,NOy,S02,CO, PM2.5,

PM10/PMc,O; Meteorology (T,RH,WS,WD);

Integrated PM2.5 FRM, HNO3, NH3,

Level 3

MNCore Level 2
sTATUS

Figure A.4. Original 3-tiered NCore design (left) and proposgd locations
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APPENDIX B. MAJOR ROUTINE OPERATING AIR MONITORING NETWORKS*

Lead Number of - Location of Information
Network . Initiated Measurement Parameters
Agency Sites and/or Data
State / Local / Federal Networks
. 03, NO/NO2/NOy, SO2, CO, PM2.5/PM10-2.5 . .
Nﬁgﬁ&i’:’]""tﬁgf\‘lﬁﬁre EPA 75 2008 PM2.5 speciation, NH3, HNO3, Surface | R ’m‘r’]"é‘;’ﬁa‘é‘;"ﬁt‘;’lf’mt'C’
9 Meteorology S
SLAMS' — State and Loca http://www.epa.qgov/air/oagps/
Ambient Monitoring EPA ~3000 1978 03, NOX/NO2, SO2, PM2.5/PM10, CO, Pl T e e -
Stations ga/monprog.htm
STN—PMZ2.5 Speciation EPA 300 1999 PM2.5, PM2.5 speciation, Major lons, Metals http://www.epa.gov/ttnamtil/s
Trends Network pecgen.html
iﬁ‘lﬁ;ﬁiﬁ?ﬁ%ﬁgfﬂal EPA 75 1994 03, NOx/NOy, CO, Speciated VOCs, Carbony]shttp://www.epa.gov/air/oagps/
Network 9 Surface Meteorology & Upper Air pams/
IMPROVE—Interagency 110 . . s .
o PM2.5/PM10, Major lons, Metals, Light http://vista.cira.colostate.edu/l
M&gﬁ:?g%ﬁ:gﬁ::g:gd AL s Gs?tggotocol el Extinction, Scattering Coefficient MPROVE/
B . 03, SO2, Major lons, Calculated Dry Depositign,
St;ﬁgzwgtTre(r:wlc?:rllleAtI\:vor EPA 80+ 1987 Wet Deposition, Total Deposition for http://www.epa.gov/castnet/
Sulfur/Nitrogen, Surface Meteorology
03, NOX/NO/NO2, SO2, CO, Surface .
GPMN—Gaseous ! ' : ) e http://www?2.nature.nps.gov/ai
Pollutant Monitoring NPS 33 1987 e Oa, (A0 gnhanceld ouietyelo] CIC r/Monitoring/network.cfm#dat
Network NO, NOx, NOy, and SO2 p us canister samp a
for VOC at three sites) =
03, surface meteorology, with CASTNet- . .
P?/I'\gﬁit_ofir?rtg?;ic?nzsone NPS 14 2002 protocol filter pack (optional) sulfate, nitrate, http./r//\gmize.;atgrrt%gpcsf.rﬂov/al
9 ammonium, nitric acid, sulfur dioxide B -
Passive Ozone Sampler http://www?2.nature.nps.gov/ai
Monitoring Program ML) & et OE el (VB2 r/Studies/Passives.cfm
NADP/NTN—National
P’?éggsnat}e’\rl';ﬁgﬁgﬁ_fg& USGS 200+ 1978 Major lons from precipitation chengis http://nadp.sws.uiuc.edu/
Network
NADP/MDN—National
Atmospheric Deposition P n http://nadp.sws.uiuc.edu/mdn
Program / Mercury None 90+ 1996 Mercury from precipitation chemistry /
Deposition Network
AIRMoN—National . R .
Atmospheric Deposition Major lons from precipitation chemistry _
Proaram / Atmospheric NOAA 8 1992 Note: some sites began in 1976 as part of tte http://nadp.sws.uiuc.edu/AIR
Intge rated Reseparch DOE MAP3S program; early data are archived|on MoN/
Mon?toring Network NADP and ARL servers.
LR PAHs, PCBs, and organochlorine compounds | http://www.epa.gov/glnpo/mo
Atmosp,zlgtr\ll\(l:olrjkepoatlon EPA Y e measured in air and precipitation samples nitoring/air/
NAPS—National Air http://www.etc-
- . S02, CO, 03, NO, NO2, NOx, VOCs, SVOCyY, -
Pollution Surveillance Canada 152+ 1969 PM10, PM2.5, TSP, metals cte.ec.gc.ca/NAPS/index_e.ht
Network ml
CAPMoN—Canadian Air 03, NO, NQ, NQ, PAN, Nt PMzs, PMioand | vy msc.ec.qc.calcap
NP coarse fraction mass, PM2.5 speciation, maj -
and Precipitation Canada 29 2002 . f icl d S e mon/index_e.cfm
Monitoring Network ions for particles and trace gases, precipitatid
chemistry for major ions
Mexican Air Quality Mexico 52-62 Late 1960's 03, NOx, CO, SO2, PM10, TSP,vOC | Dt://www.ine.gob.mx/dgicur/
Network calaire/indicadores.html
Mexican City Ambient Air http://www.ine.gob.mx/dgicur/
Quality Monitoring Mexico 49 Late 1960's 03, NOx, CO, SO2, PM10, TSP,VOC L el

Network

calaire/indicadores.html
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APPENDIX B. MAJOR ROUTINE OPERATING AIR MONITORING NETWORKS*(continued)

Lead Number of - Location of Information
Network . Initiated Measurement Parameters
Agency Sites and/or Data
Air Toxics Monitoring Networks
NA‘I_'TS—NatlonaI _Alr EPA 23 2005 VOCs, Carbonyls, PM10 metdlsig http://www.epa.gov/ttn/amtic/airt
Toxics Trends Stations oxpg.html
State/Loc_aI Alr Toxics EPA 250+ 1087 VOCs, Carbonyls, PM10 mékaitg http://www.epa.gov/ttn/amtic/airt
Monitoring oxpg.html
NDAMN—National i
Dioxin Air Monitoring EPA 34 1998 - 2005 CDDs, CDFs, dioxin-like PCBs http://cfpub.epa.gov/incea/CEM/r
ecordisplay.cfm?deid=54811
Network
Tribal Monitoring Networks
Tribal Monitoring EPA 120+ 1995 03, NOX/NO2, SO2, PM2.5/PM10, CO, Y| DUR://www.epa.gov/air/tiibal/airpr
0gs.html#ambmon
Industry / Research Networks
NeWMi(:#thriengermlt None variable variable 03, NOx/NO2, SO2, PM2.5/PM10, CO, Plf Contact specific industrial facilitie|
HRM Network—Houston .
A L 03, NOx, PM2.5/PM10, CO, SO2, Pb, VO(s, http://hrm.radian.com/houston/h
Regional Monitoring None ° 1980 Surface Meteorology ow/index.htm
Network
ARIES / SEARCH—
Aerosol Research
Inhalation Epidemiology 03, NO/NO2/NOy, SO2, CO, PM2.5/PM1d http://www.atmospheric-
Study / SouthEastern None 8 1992 PM2.5 speciation, Major lons, NH3, HNO3| research.com/studies/SEARCH/i
Aerosol Research and scattering coefficient, Surface Meteorology ndex.html
Characterization Study
experiment
SOS - SERON—Souther
Oxidant Study - EPA ~40 1990 03, NO, NOy, VOCs, CO, Surface http://www.ncsu.edu/sos/pubs/so
Southeastern Regional Meteorology s3/State_of SOS_3.pdf
Oxidant Networks
National/Global Radiation Networks
RadNet—formerly
Enwronmental _Raqhauon EPA 200+ 1973 merTerEEES el Eateiter http://www.epa.gov/enviro/html/e
Ambient Monitoring rams/
System (ERAMS)
SASP -- Surface Air 89sr, °sr, naturally occurring radionuclides, http://www.eml.st.dhs.gov/datab
. DHS 41 1963 5. 21
Sampling Program Be,?%b ases/sasp/
NERNET—E B seiie e lonizing gamma radiation, Surface
Environmental Watch DOE 26 1993 99 ’ http://newnet.lanl.qov/
Meteorology
Network
Solar Radiation Networks
UV Index — EPA Sunrise EPA 50 U.S. cities 2002 Calculated UV radiation index http://www.epa.gov/sunwise/uvin
Prograni dex.html
UV Net -- Ultraviolet Ultraviolet solar radiation (UV-B and UV-A| http://www.epa.gov/uvnet/access
Monitoring Program EPA 21 1995/2004 bands), Irradiance, ozone, NO2 .html
NEUBrew (NOAA-EPA . . http://www.esrl.noaa.gov/gmd/gr
Brewer Spectrophotometel NOAA 6 2005 Ultreniallz: sl el e [Einam (e e Dis ad/neubrew/

UV and Ozone Network)

bands), Irradiance, ozone, SO
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APPENDIX B. MAJOR ROUTINE OPERATING AIR MONITORING NETWORKS*(continued)

Lead

Number of

Location of Information

Network " Initiated Measurement Parameters
Agency Sites and/or Data
Solar Radiation Networks (continued)
UV-B Monitoring and 8 - http://uvb.nrel.colostate.edu/UVB
Research Program USDA 35 1992 Ultraviolet-B radiation findex ist
solar and infrared radiation, direct and diffuse
SURFRAD - Surface NOAA 7 1093 solar radiation, photosynthetically active | http://www.srrb.noaa.gov/surfrad
Radiation Budget Network radiation, UVB, spectral solar, and f/index.html
meteorological parameters
AERONET —Aerosol 22 + other 1998 Aerosol spectral optical depths, aerosol sig http://aeronet.gsfc.nasa.gov/inde
RObotic NETwork NASA participants distributions, and precipitable water x.html
co-located
MPLNET — Micro-pulse | networks 8 2000 Aerosols and cloud layer heights http://mplnet.gsfc.nasa.gov/
Lidar Network
PRIMENEet -- Park .
. R http://www.cfc.umt.edu/primenet/
Research NPS 14 1997 ozone, wet and dry deposition, visibility,

& Intensive Monitoring of

Ecosystems NETwork

surface meteorology, and ultraviolet radiati

nAssets/Announcements/99PRep

ort.pdf

Footnotes

1. NCore is a network proposed to replace NAMS, esmaponent of SLAMS; NAMS are currently designaaschational trends sites.

2. Surface Meteorology includes wind directionl apeed, temperature, precipitation, relative hity, solar radiation (PAMS only).

3. PM10 metals may include arsenic, berylliundroaum, chromium, lead, manganese, nickel, and .

4. Some networks listed separately may also ses\&ibcomponents of other larger listed netwarkss result, sme double counting of the number of individual

monitors is likely.

5. The number of sites indicated for tribal moriiig is actually the number of monitors, rathentlsites. The number of sites with multiple mansiis probably les

than 80.

6. Sinrise program estimates UV exposure levels thrangteling - does not include measurements.
7. NEUBREW is a subset Original UV brewer netw@d/ Net); PRIMENET participated in UV Net progre
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APPENDIX C.

NATIONAL ROUTINE METEOROLOGICAL MONITO RING NETWORKS

Network

Lead
Agency

Number of
Sites

Initiated

Measurement Parameters

Location of
Information
and/or Data

ASOS -- Automated Surfacq
Observing System

~1000
(supplemented by
military weather
observation sites)

1992
(replaced routine
surface observations
collected manually at]
260 Weather Servicg

facilities)

Continuous measurements of: Wind
Direction and Wind Speed; Visibility;
Runway Visual Range; Type, intensity ar
amount of rain, snow, etc.; Obstructiong
due to fog, mist, etc.; Cloud Height and

Amount; Ambient Temperature; Dew Point

Temperature; Pressure; Lightning detecti
Automated, manual, and plain languagd
remarks on special weather conditions
(depending on level of service); and
Additive and automated maintenance da|
on precipitation amount, max/min
temperature, pressure tendency, etc.

a.gov/asos/pdfs/au
n;
-toc.pdf

Cooperative Observer
Program

24-hour maximum and minimum
temperatures, Liquid equivalent of
precipitation, snowfall, snow depth, and
Other special phenomena such as days V
thunder, hail, etc.

http://www.nws.noa
a.gov/om/coop/coof]
mod.htm

SLAMS — State and Local
Ambient Monitoring Stations

Wind direction and speed, Temperature
Precipitation, Relative humidity

http://www.epa.gov,
air/oagps/ga/monpr
g.html

Remote Automated Weathe!
Stations

~2200

Wind direction and speed, Precipitation
Pressure, Temperature, Relative humidit
Fuel moisture and temperature

http://www.fs.fed.ug
[raws/raws101.sht

NOAA Profiler Network (and
Cooperative Agency
Profilers)

35
(plus ~100 CAP
sites)

Vertical profiles of wind direction and
speed (and vertical profiles of temperatu
at RASS sites)

http://www.profiler.
noaa.gov/npn/

Upper Air Stations
(Weather Balloons)

102
in North America,
Pacific Islands,
and the Caribbear

Measurements of temperature, relative
humidity, wind direction and speed, and
altitude/height at selected pressure level

http://www.ua.nws.
oaa.gov/net-info.ht

Forecast Systems Laborator
Aircraft Communications
Addressing and Reporting

System

~4000
commercial
aircraft

2001
(routinely available
database)

Wind direction, wind speed and
temperature reported for various altitudeg
which aircraft typically operate

http://acweb.fsl.noaf
atgov/FAQ.html#vari

ables

National Doppler Radar Site:

1990
(national radar
network originated
prior to 1960)

Base Reflectivity, Composite Reflectivity
One-Hour Precipitation, and Storm Tota
Precipitation

http://www.srh.noas

gov/radar/radinfo/rg
dinfo.html

National Lightning Detection
Network

Commercial

Detection of cloud-to-ground lightning
flashes at distances up to 400 km

http://www.nwstc.n
aa.gov/METEORI/LI

ghtning/detection.hf
m

National Environmental
Satellite, Data, and
Information Service

2

GOES satellites
2

POES satellites

1994
(earlier satellite
systems replaced)

Vertical profiles of temperature, moisture
and wind; visible and infrared imagery o
clouds; water vapor imagery

http://www.goes.nog
a.gov/

C-MAN - Buoy and Coastal-
Marine Observing Network

70

Early
1980s

56

Pressure, wind direction, wind speed an|
gust, and air temperature, relative humidi
precipitation, visibility, sea water

temperature, water level, and waves

f http://www.ndbc.nod
Y a.gov/cman.php




APPENDIX D. EUROPEAN AIR MONITORING NETWORKS

Lead Number

Location of
. Initiated Measurement Parameters
Agency of Sites

Information
and/or Data

Acidifying / Eutrophying Compounds
(precipitation): SO4, NO3, NH4, trace elementg
EMEP - Co- pH, acidity
operative Programmg (air): SO2, NO2, HNO3, NH3, PM10, PM2.5,
for Monitoring and major ions
Evaluation of the 03 http://www.nilu.no/proj
Long-range Heavy Metals ects/ccc/emepdata.ht
Transmission of Air precipitation, major ions, PM2.5, PM10, Hg, mi -
Pollutants in Europe wet deposition -
(encompasses POPs
networks for ~37 precipitation, air, deposition
European countries Particulate Matter
and organizations) PM2.5, PM10, EC, OC, TC, BC
VOC
Hydrocarbons, Carbonyls

EUROTRAC programs performed analyses utilizi
data from existing or specially designed monitori
EUROTRAC - The networks in order to:
European Experimen International 1. elucidate the chemistry and transport of ozor|
on the Transport and Executive and other photo-oxidants in the troposphere, e. http://www.asf.deleur
Transformation of . TOR -- 30 O3 stations and ALPTRAC -- 15 sno " e
: Committee L . otrac/index what is.h
Environmentally (European monitoring sites Py
Relevant Trace Countries) 2. identify processes leading to the formation o —
Constituents over acidity in the atmosphere, particularly those
Europe involving aerosols and clouds.
3. understand uptake and release of atmosphe|
trace substances by the biosphere.

EUROTRAC-2 --
The EUREKA
project on the
transport and

chemical
transformation of
trace constituents in
the troposphere ovel

Europe; second

phase. Subprojects] International
— AEROSOL Scientific

— BIATEX-2 Secretariat

— CAPMAN (European
- CMD Countries

EUROTRAC-2 programs performed analyses
utilizing data from existing monitoring networks i
order to: support the further development of
abatement strategies within Europe by providing
improved scientific basis for the quantification o
— EXPORT-E2 and EU) source—receptor_re_Ia_tionships for photo-oxidants
— GENEMIS acidifying substances.
— GLOREAM

- LOOP
— MEPOP
— PROCLOUD
— SATURN
—TOR-2
— TRAP45
— TROPOSAT

http://www.gsf.de/eur
otrac/index_what_is.h
tml
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APPENDIX E. MONITORING NETWORKS FOR PERSISTENT OR GANIC POLLUTANTS
(POPs)

Network

Lead
Agency

Number
of Sites

Initiated

Measurement Parameters

Location of
Information and/or
Data

Global Monitoring
of Persistent
Organic Pollutants

(POPs)

UNEP — United
Nations
Environment
Programme

Activities include developing guidance on sampli
and analysis of POPs, QA/QC procedures, dat
treatment and communication and data assessiy
In addition the programme will include an electior|
discussion group on POPs monitoring issues wh
existing programs and laboratories are invited t
participate and share their experience on this
subject.

http://www.chem.unep.c
h/gmn/default.htm

AMAP — Artic
Monitroing and
Assessment
Programme

NOAA

(as U.S.
representative
to the 8 nation
Artic Council)

Air/aerosol sampling for POPs, heavy metals,

radioactivity and acidification parameters; bulk
precipitation and snowpack sampling to estimat|
deposition

http://www.amap.no/

EMEP -- Co-
operative
Programme for
Monitoring and
Evaluation of the
Long-Range
Transmission of
Air Pollutants in
Europe

UNECE -
United Nations
Economic
Commission for
Europe

Benzo(a)pyrene, PCBs, hexachlorobenzene,
Chlordane, lindane, hexachlorocyclohexane,
DDT/DDE in precipitation and gas particles

http://www.chem.unep.c
h/gmn/012 _emep.htm

GAPS - Global
Atmospheric
Passive Sampling

UNEP - United
Nations
Envrionment
Programme

12 chemicals including Aldrin, Chlordane, DDT,

Deldrin, Endrin, Heptachlor, Hexachlorobenzeng

Mirex, PCBs, Dioxins(PCDDs), Furans(PCDFs)
Toxaphene and other pollutants

http://pubs.acs.org/cqgi-
bin/article.cgi/esthag/20
04/38/i17/html/es040302
r.html

NDAMN —
National Dioxin
Air Monitoring

Network

1998 - 2005

CDDs. CDFs, dioxin-like PCBs

http://cfpub.epa.gov/nce
a/CFM/recordisplay.cfm
?deid=54811

IADN --
Integrated
Atmospheric
Deposition
Network

PAHSs, PCBs, and organochlorine compounds a|
measured in air and precipitation samples

http://www.epa.gov/ginp
o/monitoring/air/

EMAP —
Environmental
Monitoring and

Assessment

Program

Oriented to ecological and water monitoring
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APPENDIX F. FIELD CAMPAIGNS FOR NON-ROUTINE SPECI AL INTENSIVE STUDIES **

Location of
Lead Number . Measurement :
Network . Initiated Information Notes
Agency of Sites Parameters
and/or Data
Primary pollutants (CO, NO, This is to be a joint field study of atmospheriogesses over California and the east
NO2, SO2, NMHC, CO2, Pacific coastal region that emphasizes the interebetween air quality and climate
NH3, PM, VOC, black change issues, including those affecting the hgdiolcycle. The study will constitut
carbon, and greenhouse one of a series of comprehensive regional air tyuatid climate assessments conduc
gases); Secondary species: by NOAA with expansion of CARB'’s leadership of Gathia air quality studies. It wil
03, CH20, aldehydes, PAN, . complement the ongoing CEC regional climate chatggies and will bring together
.NOAA 1 ship, HNO3, NO3, N205, sulfuric http.//www.esrl.nqaa.g specialized, complementary resources such thatuteeme will be able to address
CalNex 2010 (with CARB : 2010 h ov/csd/calnex/whitepd : S - ] ) - ;
& CEC) 2 aircraft acm_:l, hydroxyl and_peroxy er pdf important smennﬂq questions thgt have an mmm:enqunmental po|_|cy. Airborne
radicals, aerosol size per.nd (NOAA WP-3D Orion, NOAA Twin Otter Remote Sensingéaft), ship (NOAA R/V
distribution and chemical Ronald H. Brown), on-going ground-based instrunpartkages (upper-air observatio
composition; Other ground-based chemical measurements), and satdibrvations (MODIS, GOES) wil
parameters (H20, aerosol be employed. The collaboration of agencies wik Ishort-term data gathered during
properties, radiation, and field program to extensive surface observationsy kerm data sets, and California’s
meteorological paramenters) advanced modeling capabilities for both regionatjaality and climate.
Primary pollutants (CO, NO,
NO2, SO2, NMHC, CO2,
NH3, PM, VOC, black ARCTAS is a study of the impact of air pollutiondaiorest fires on the arctic climate
carbon, and greenhouse that integrates measurements from multiple airenadt satellites. It has four major
Arctic Research of the NASA gases); Secondary species: htto:/Aww.polarcat.n scientific themes: (1) long range transport ofyt@n to the Arctic including arctic
o p: .p . . ; .
Composition of the . . . 03, CH20, aldehydes, PAN, e haze, tropospheric ozone, and persistent pollutartis as mercury; (2) boreal forest
. (with various 3 aircraft 2008 . o/activities/nasa- ) o ) " h :
Troposphere from icraft | - (spring / HNO3, NO3, N205, sulfuric SRS ETEER ol fires and their implications for atmospheric conipios and climate; (3) aerosol
) h p.p > . ” : .
and_Sitellites (ARCTAS / ; 9 pring acid, hydroxyl and peroxy radiative forcing from arctic haze, boreal firestface deposited black carbon, and ot
& research site summer) - . & e . .

POLARCAT) institutions) radicals, aerosol size AEENEEhE perturbations; and (4) chemical processes withd@ruozone, aerosols, mercury, an
distribution and chemical dala Worksnop halogens. ARCTAS is part of a larger interagermuy iaternational IPY effort
composition; Other collectively identified as POLARCAT which is inteed to execute a series of aircraft
parameters (H20, aerosol experiments following pollution plumes as they mamsported into the Arctic.
properties, radiation, and
meteorological parameters)

Researchers from universities, state and fedesl@es, private industry, and local

governments are joining forces to conduct a magtd tudy to address air quality
htto:/www.utexas.edu issues in the eastern half of Texas. The studyned for a period extending from Ap
03, NOx, NOy, SO2, Haze, /rezéarch/(‘:eer/tex.a s 2005 through October 2006, will examine regionarezformation, transport of ozon
Texas Air Quality Study I Texas 17 2006 Visibility, CO, VOC, Solar /PDE/12-12- 91 and ozone precursors, meteorological and chemiodefimg, issues related to ozone

(2005 - 2006) Radiation, Surface S o c formation by highly reactive emissions, and patéiteimatter formation. It is
. 04_Projected_Surfacg . - . . o .
Meteorology, Upper Air - anticipated that the information from the studyl wé the scientific basis used for
Sites_tbl.pdf

developing State Implementation Plans (SIPs) fonezZwith concentrations average
over 8 hours), regional haze, and, if necessaryirfe particulate matter (particulate
matter less than 2.5 microns in diameter ,PM
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APPENDIX F. FIELD CAMPAIGNS FOR NON-ROUTINE SPECI AL INTENSIVE STUDIES (continued)

2006 Texas Air Quality
Study/ Gulf of Mexico
Atmospheric Composition
and Climate Study
(TexAQS/GoMACCS)

NOAA

1 ship,
2 aircraft

2006

03, NO, NO2, NOy, VOCs,
CO2, CO, SO2, HNO3, NH3
other reactive pollutants,
aerosols, meteorological
parameters & upper air

http://esrl.noaa.gov/cq

d/2006/

For TexAQS 2006, the NOAA air quality component wilestigate, through airborne|
and sea-based measurements, the sources and psoitegsare responsible for
photochemical pollution and regional haze durirggbmmertime in Texas. The focu
of the study will be the transport of ozone andnezprecursors within the state and tl
impact of the long-range transport of ozone opreursors.

Intercontinental Chemical
Transport Experiment -
North America (INTEX-B)
-- Intercontinental Transpor
and Chemical
Transformation
(ITCT/IGAC)

NOAA

3 aircraft

2006

03, NO, NO2, NOy, VOCs,
C0O2, CO, SO2, HNO3, NH3
other reactive pollutants,
aerosols, meteorological
parameters, altitude -- NOAA

aircraft

http://cloudl.arc.nasa

gov/intex-b/

The export of air pollutants from urban to regioaatl global environments is a major|
concern because of wide-ranging potential consemsefor human health, cultivated
and natural ecosystems, visibility degradation,theamodification, changes in
radiative forcing, and tropospheric oxidizing capacDuring the spring of 2006 a
highly integrated atmospheric field experiment wagormed over and around North
America. The Megacity Initiative: Local and Gloliésearch Observations
(MILAGRO), _http://www.eol.ucar.edu/projects/milagroésulted through a highly
coordinated collaboration between NSF (through MBEAMex), DOE (through MAX-
Mex), NASA (through INTEX-B) and a variety of resela institution in the U.S. and
Mexico and involved ground and air borne activitestered on Mexico City, Mexico
during March 2006. MILAGRO goals were greatly faaied and enhanced by a
number of concurrent and coordinated national atefriational field campaigns and
global satellite observations. After MILAGRO, NASAntinued investigating this
issue, this time focusing on the influence of Agiafilutants on North America, throug
a second airborne field element of INTEX-B in cbbaation with NSF and NCAR. T
integrated goals of MILAGRO and INTEX are:

-To study the extent, persistence, and transfoomati Mexico City pollution plumes;
-To relate atmospheric composition to sources anids

-To quantify radiative properties and effects afoaels, clouds, water vapor & surfac
-To map anthopogenic and biogenic emissions;

-To characterize transport and evolution of Asiatiytion to North America and beyo
and determine implications for regional air quadityd climate;

-To achieve science-based validation of satellitgeovations of troposheric compositi

International Consortium fo
Atmospheric Research on
Transport and
Transformation (ICARTT)

NOAA
(with various
other
agencies and
research
institutions)

Multiple
aircraft and
other
measuremen
platforms

2004

Surface sites and networky
mobile platforms (aircraft
and ship) and satellite datg
were used for measureme
parameters; see
http://www.esrl.noaa.gov/c
sd/ICARTT/fieldoperations
/ for detailed information

http://www.esrl.noaa.d

ov/csd/ICARTT/index

.shtml

ICARTT was formed to study the sources, sinks, dbahtransformations and transp
of ozone, aerosols and their precursors to andtbeeNorth Atlantic Ocean. Groups i
North America and Europe had independently develgens for field experiments in
the summer of 2004 that shared many of the sanie god objectives in overlapping
study areas; the plans were aimed at developirggtartunderstanding of the factors t
shape air quality in their respective countries tredremote regions of the North
Atlantic. ICARTT was formed to take advantageto$ synergy by planning and
executing a series of coordinated experimentauyshe emissions of aerosol and
ozone precursors and their chemical transformagoxsremoval during transport to a
over the North Atlantic. The combined researchdemted in the programs that make
ICARTT focus orregional air quality, intercontinental transport, andradiation
balancein the atmosphere.
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APPENDIX F. FIELD CAMPAIGNS FOR NON-ROUTINE SPECI AL INTENSIVE STUDIES (continued)

Intercontinental Chemical
Transport Experiment -

03, NO, NO2, NOy, VOCs,
C0O2, CO, SO2, HNO3, NH3

INTEX-NA is an integrated atmospheric field expegim performed over and around
North America. It seeks to understand the transpoittransformation of gases and

aerosols on transcontinental/intercontinental scatel their impact on air quality and
climate. A particular focus in this study is to gtify and characterize the inflow and
outflow of pollution over North America. The mainrestituents of interest are ozone

NNo:)h--Alr:teerrlggn(tIeri)a(l_ NOAA ?(;ﬁrda; 2004 other reactive pollutants, | http://cloudl.arc.nasa| precursors, aerosols and precursors, and the ieedigreenhouse gases. INTEX-NA
. - aerosols, meteorological | gov/intex-na/desc.htm| part of a larger international ITCT (Intercontingnfransport and Chemical
Transport and Chemical satellites ltitude - NOAA T f ion) initiative. INTEX-NA | ilitated and enh db
Transformation parameters, altitude -- ransformation) initiative. -NA goals are gtefacilitated and enhanced by a
(ITCT/IGAC) aircraft number of concurrent and coordinated national atetnational field campaigns and
satellite observations. Synthesis of the ensenftiéservations from surface, airborn
and space platforms, with the help of a hierardhyadels is an important goal of
INTEX-NA.
. . . NOAA continues a joint regional air quality andneéite change study combining
Nevsvtﬁg)gllziﬁg A%rscguahty f' SS;:I% Cogz Né)c’) NSOOZZ‘ NHCI)\ly(,)\3/O'\?:,3 htto://esr].noaa.cqov/c elements of the previous NEAQS study and the Inteinental Transport and Chemic
- , , CO, , , p: . .gov/cq : o . .
Intercontinental Transport NOAA 2 aircraft, 2004 other reactive pollutants, d/2004/ Transformation (ITCT) research activity to focqsql_anquallty along the Eastern .
. ; ; Seaboard and transport of North American emissitdnghe North Atlantic. The majo
and Chemical profiler aerosols, meteorological NOAA assets (the two aircraft and the ship) ardalegal in a manner that supports th
Transformation (ITCT) 2004 network parameters & upper air objectives of both components.
ETOS 2003 developed a regional ozone databaseltaléboth mean hourly average
and hourly histograms of individual measuremendiregs. The 2003 study period
(based on scoping studies 1999 - 2002) providegiamal view to supplement
East Tennessee Ozone Stu http://www.arl.noaa.g| Tennessee's regulatory network and serves as andaation and evaluation/validatio
(ETOS) MO e AL OlF], SUEEE Rz rle ) ov/etos_122005.php| database for various operational and developmairtgliality forecast model
components. The full scope of ETOS 2000 is contisly under planning and review,
and is refined each year using the previous yearédysis and experience to focus on
particular issues within the East Tennessee region.
The study is designed to improve understandingefactors that control the formatio|
and transport of air pollutants along the Gulf Cadsoutheastern Texas. Six weeks
Texas Air Quality Stud 03, NOx, PM2.5/PM10, CO,| http://www.utexas.edy intensive sampling, including measurements of gasquarticulate, and hazardous ai
(TexAQS) 28/00 Y Texas ~20 2002 S0O2, VOCs, Surface [research/ceer/texags/v pollutants, are made at approximately 20 grountibsts, located throughout the east
Meteorology isitors/about.html half of the state. Experts in meteorology, atmesigichemistry, and other areas of
science study the formation, composition, and dgiprecycles of ozone and particulat
matter, as well as how these pollutants are afidoyeveather.
03, CO, CO2, SO2, NO,
Texas Air Quality Study NO2, NOy, PAN, HNO3, http://www.utexas.edu - . . . . . . .
(TexAQS) 2000 Field NOAA 2 aircraft 2002 NH3, VOCs, Solar Radiation| /research/ceerftexags/| dditional sampling in TexAQS 2000 is carried outhvspecially equipped aircraft th

Campaign

Meteorological Parameters,
aerosols

isitors/about.html

can detect air pollutants very quickly, at very loancentrations.
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APPENDIX F. FIELD CAMPAIGNS FOR NON-ROUTINE SPECI AL INTENSIVE STUDIES (continued)

Bay Region Atmospheric

NO3, NH4, O3, SO2, NOx,

http://www.dep.state.fl

The Florida Department of Environmental Protec{ibiP), with the support of a tea
of federal, state, local, university and privatestists (including NOAA) conducted a
month-long series of intensive studies to deterrttiedevel of influence of nitrogen
deposited into Tampa Bay from local and regionatses of air pollutants on water

Chemistry Experiment NOAA 1 aircraft 2002 CO 1 ol liculate -Us/secretary/news/20 quality. During the Bay Region Atmospheric Chemyigxperiment (BRACE), NOAA
(BRACE) g UEES MEENS, [MEIUEELE 2/02-039.htm operated a research aircraft over the Tampa Bagrreg collect air quality
measurements of the many atmospheric forms ofg@tr@nd related pollutants that mfity
potentially influence the water quality of TampayBa
AIRMAP is a research program focused on atmospleheenical and physical
observations in rural to semi-remote areas of Nempkhire with the goal of
_ _ 03, NOx, NOy, SO2, CO, understanding inter-relationships in l.’eglonal aialily, meteorology, and cllm_atlc
New England Air Quality VOCs. PM2.5. Precipitation| http://airman.unh.edu phenomena. Research goals are to: (1) documerareatyze current trends in the
Study (NEAQS) 2002 -- NOAA 4 2002 . P regional air quality of New England which is affedtby transport from upwind region
Chemistry, Surface data/ L
AIRMAP Meteorolo of the U.S. and Canada and by local emission seu2edocument and analyze curreggit
9y and past (the last 100 years) synoptic-to-locakprelogical patterns, features, and
extreme events in New England; and (3) numericathulate the coupled evolution of]
atmospheric transport and chemistry in New Englasidg various modeling tools.
03, NO, NO2, NOy, VOCs, The NOAA component of this multi-institutional eff@ddresses the analysis of exist|ig
New England Air Qualit 1 shi CO2, CO, SO2, HNO3, NH3| http://esrl.noaa.gov/cqy climate data, and the development of new air quaiibnitoring programs. A
9 Y NOAA Ship, 2002 other reactive pollutants, d/NEAQS/ background of information is to be developed thatrasses New England's changing
Study (NEAQS) 2002 2 aircraft - - . . . . - - )
aerosols, meteorological climate and air quality so as to improve understamdf the relationship between air
parameters & upper air quality and weather and determine the causesroatdi change in New England
This field program, scheduled for spring 2002 teestigate the composition of air
masses along the Pacific coast of North Americpais of the Intercontinental Transpit
€02, CO, CH4, SO2, 03, and Chemical Transformation (ITCT) research agtioftthe International Global
SF6, N20, CFCs, Aerosols, . : e )
Solar Radiation. Surface Atmosphe_nc Chemlstr_y Program (I_GAC) Progrgm. @cmilFms field study are to:
' . characterize the chemical composition of the aissea coming ashore at the West
: Meteorology & Upper Air -- . " . ) -
Intercontinental Transport . Coast; explore the composition of these air maaseley are transported inland; and
and Chemical NOAA 1 site, 2002 03. NO SN%?CE'O VOCs it 'gﬁ.ls_rcl:'.?fzzlié/ ov/es investigate the alteration in composition assodiatih the addition of emissions fro
Transformation (ITCT) 2002 1 aircraft ) . ) Y, , — U.S. West Coast sources. The NOAA WP-3D aircefbideploy a wide array of

Activities

CO2, CO, SO2, HNO3, NH3
other reactive pollutants,
aerosols, meteorological
parameters & upper air --

aircraft

instrumentation for the in situ measurement of gasexnd aerosol parameters plus
radiation and remote aerosol sensing by LIDAR. Ttiridad Head baseline
observatory characterizes chemical compositionarime boundary layer at the U.S.
West Coast and provides linkage between compositeasurements and radiative
properties of the aerosols. The NOAA ETL Laboratoeywork of 915-MHz radar win
profilers that are deployed in California providiaional meteorological information.
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APPENDIX F. FIELD CAMPAIGNS FOR NON-ROUTINE SPECI AL INTENSIVE STUDIES (continued)

08, NO, NO2, N20, CH4,
SO2, NH3, CO, CO2,

TRACE-P is part of a series of aircraft missiomae at better understanding of glob
tropospheric chemistry, and more specifically iis ttase, the effects of outflow from t|
Asian continent on the composition of the globat@phere. Objectives are to

TRAnsport and Chemical 2001 @ aerosols, PAN, HNO3, http://iwww- determine: (1) pathways for outflow of chemicallyd radiatively important gases an
Evolution over the Pacific NASA 2 aircraft months) aldehydes, peroxides, gte.larc.nasa.gov/gte | aerosols, and their precursors, from eastern Asilagt western Pacific; and (2) the
(TRACE-P) speciated hydrocarbons, oth Id.htm#TRACE chemical evolution of the Asian outflow over thestegn Pacific, and the ensemble o
pollutants, meteorological processes that control this evolution. Approxirya2€ aircraft measurement flights
parameters involving horizontal and vertical profiles for at&bof over 300 hours were supported
surface based measurements and soundings.
The Aerosol Characterization Experiments (ACE)d&signed to increase
understanding of how atmospheric aerosol partaffest the Earth’s climate system.
o sites, aerosol chemical, physical, . ACE-Asia took place during the spring of 2001 o toast of China, Japan and Kor:
AeIrEosol Qharacten_zauon ships, 2001 and radiative properties and mmwa which includes many types of aerosol particles iofely varying composition and size
xperiments Asia NSF . . L gov/Field/aceasia/AC ) . . . 3 )
(ACE-Asia) alrcrgft, (spring) radlatl\_/e fluxes, EAsiaDescription.html Thesg particles include those emitted by humamaep and |ndu§trlal sources, as wi
satellites meteorological parameters as wind-blown dust. Data from ACE-Asia is improvimgderstanding of how
atmospheric aerosols influence the chemical andtred properties of the Earth’s
atmosphere.
For the summer season, this study collected mdtepecal and air quality data for the
central section of California in 2000. Planes wwdther balloons collected data at
100+ sites, 03, VOC, NOx, NO, NOy, ground level and aloft. The data collected is usdthprove the understanding of the
Central California Ozone California 6 aircraft, 2000 CO, PM10, PM2.5, solar | http://www.arb.ca.gov| role of meteorology on the formation and behaviagiopollutants and their precursor
Study (CCOS) profilers, radiation, surface [airways/ and emission sources and patterns. The informgttmered will be used to develop
sondes meteorology, upper air improved modeling system that will be used in preygplans to attain the new feder
8-hour ozone standard, as well as to update then@i@ Plan to attain the state ozon
standard.
The California Regional PM10/PM2.5 Air Quality Syuid a comprehensive
PM2.5, PM10, nephelomete! public/private sector collaborative program to padevan improved understanding of
California Regional 1999 with some sites adding htto:/Awww.arb.ca.dov particulate matter and visibility in central Califi@a. It is intended to evaluate both th
Particulate Air Quality Study  California ~60 to SO4/NO3, OC/EC, NO2, W national and State air quality standards for PMidAM2.5. The field programs
(CRPAQS} 2001 NQy, PAN, SO2, surface lanvays consisted of 14 months of monitoring throughout3iae Joaquin Valley (SJV) and
meteorology surrounding regions, as well as intensive monitpdaring summer, fall, and winter
seasonal periods.
03, NO, NO2, NOy, VOCs,
aerosols, Surface The Southern Oxidants Study (SOS), in collaboratih other organizations and
Meteorology & Upper Air programs, conducted this major Field Campaign dulime/July 1999. The
n (profiler), ozonesonde -- . Nashville/Middle Tennessee region measurementsséston an improved
(S%Cgtqgglg?:fé?grg;n%i{m NOAA 3 sites, 1999 surface h_ttp.//de/sSrI%go_v/cs understanding of the processes that control thredtion and distribution of fine
4 aircraft 03, NO, NO2, NOy, VOCs, = particles and ozone. Three study themes were: hacaegional contrasts, Ozone an

-- Nashville

CO2, CO, SO2, HNO3, NH3
other reactive pollutants,
aerosols, meteorological

parameters, altitude -- aircra

PM formation in plumes, and diurnal cycle in chemyignd meteorology. These them
were addressed through a series of coordinatedumaasnts involving instrumented
aircraft and a ground-based network of chemistd/raeteorological measurements.
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APPENDIX F. FIELD CAMPAIGNS FOR NON-ROUTINE SPECI AL INTENSIVE STUDIES (continued)

Measurement may include:
PM2.5, PM10, TSP, SO4,

In response to Executive and Congressional mandattsescommendations from the
National Research Council a “Supersites Concetlzad” was developed and

PhaS(ze | Sites| absg:'ot?GnEgégzt%;tI%T 03 http://www.epa.gov/tt| implemented. Atlanta and Fresno were selectedital iPhase | sites and as a result
n p ' - 'l n/amtic/supersites.htn] a competitive process Baltimore, Fresno, Houstos,Angeles, New York, Pittsburgh
PM Supersite Program EPA 7 1999 CO, NOx, NO, NO2, NOy, . . .
| and St. Louis were selected for Phase |l. Goaiemgdly were to characterize particul
Phase Il HNO3, NH3, VOCs, :
Sites Carbonyls, PAH, major ions matter,_support_ he_alth effects and_exposure rds,eam _conduct method_s testing.
’ ’ Extensive monitoring, data analysis, and publicationtinued to 2005 with the
and elements, surface and . . .
) preparation of a Final Report for each city.
upper air meteorology
The BRAVO study was conducted for four months dyfi®99 with the primary
objective of identifying the causes of haze inBig Bend National Park located in Wi
S02, SO4, PM2.5, NO3, Texas. This very large, collaborative study eatishumerous participants with
. . NH4, major ions and . . sponsorship from federal/State agencies, privatesity, and research organizations.
Big Bt_and_ Reglonal Ae!'osol 38 fixed, elements, nephelometer, hitp://www.dri.edu/Ho The BRAVO study utilized data from a 38-site netkvtwr characterize spatial and
and Visibility Observational| NPS/EPA . 1999 . me/Features/text/BRA | | in th h diti h d
(BRAVO) Study 6 tracer sites transmissometer, VO htm temporal aerosol patterns in the atmosphere. ditied, upper-air measurements an
meteorological parameters § — extensive optical measurements of light scattesimdjabsorption were made. Becau
upper air, PFC tracer monitoring and source characterization activitiesexconducted only in the United
States, the study design included additional manigocand tracer studies along the
U.S./Mexican border.
The Indian Ocean Experiment (INDOEX) addressestoresof climate change throu
collection of in-situ data on the regional coolefect of sulfate and other aerosols.
03, NO, NO2, VOCs, CO2, project's goal is to study natural and anthropageliinate forcing by aerosols and
6 sites, CO, SO2, HNO3, NH3, othe i Al e feedbacks on regional and global climate. INDOEXdfstudies occur where pristine
Indian Ocean Experiment UCSD 2 ships, 1999 reactive pollutants, trace /codiac/ r'o's">INDC')E air masses from the southern Indian Ocean includimgrctica and not-so-clean air
(INDOEX) 5 aircraft, (4 months) gases, aerosols, from the Indian subcontinent meet over the troplicdian Ocean to provide a unique
. - X . e
satellites meteorological parameters & natural laboratory for studying aerosols. Sci¢sitisllect data from the water surface|
upper air through the lower stratosphere, on the aerosol ositipn, reactive atmospheric gase
solar radiation fluxes, wind and water vapor disttion. To this end, investigators us
multiple aircraft, ships and island stations over Arabian Sea and the Indian Ocean
http://www.msc- . —— . .
Eulerian Model Evaluation g 03, NO2, SO2, NH3, HNO3| smc.ec.qc.ca/natchent/ Under EMEFS, air and preupltatlon chemistry daHne/\cpIIected daily for IV\{o years
Field Study (EMEFS) Canada ~135 1998 major ions particles/n_emefs e hk over much of the eastern U_r)lted States and (_:amami@‘mde data for assessing the
' ml performance of acid deposition and other regiocalesmodels.
Measurements were made during the NARSTO-NortHeX2§ intensive field campai
http://www.narsto.org/| during the period May through September. One-huvearage O3, NO, and NOX
NARSTO-Northeast 1995 Multiple 559 1995 03, NO, NOx section.src?SID=9 | measurement results are reported for ground sunfiacetoring stations operated by

various agencies including EPA AIRS, CASTNet, EBBtvard University, NYSEG,
PEPCO, and the University of Maryland.
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APPENDIX F. FIELD CAMPAIGNS FOR NON-ROUTINE SPECI AL INTENSIVE STUDIES (continued)

SOS Nashville/Middle

03, SO2, NO, NOy, and CO|

VOC, Surface Meteorology,

rawinsonde and ozonesond
releases, and a radar

http://www.ncsu.edu/s

This ozone-focused field study was carried ouhgn11-state region surrounding
Nashville/Middle Tennessee, beginning with a 3-weshloratory study during the
summer of 1994 and culminating in a six-week figleasurement campaign June/Jul
1995. Measurements were taken at 116 ground-lzaskthll building and tower-base
chemical and meteorological measurement sites aedes of six airborne chemical

Tennessee Ozone Study I e o profiler/radar acoustic OS/DUE%SSOSZZ/%tfte o measurement platforms. The most significant feadfithe Nashville/Middle Tenness
sounding system. surface =0=_£.p0 Ozone Study was a coordinated series of 40+ afrstadies to measure physical and

Airborne ozone and aeroso chemical characteristics of urban and industriairss.
lidar — aircraft (Note: an earlier ozone-focused set of field #sdvas also conducted in the Atlanta

GA area during the summers of 1990 - 1992.)
The NARE program measured the type and amount gb#lutants being transported
] ) ] ) http:/AMWW.i0ac.noaa. from the North American continent to the NortherttaAtic Ocean. Since the Northea
North Atlantic Regional NOAA various sites,| 1993, 1996, | 03, NO, NO2, NOx, NOy, M;E ovinewsletter/24/intr| United States and Nova Scotia, Canada are thiatastocations as air masses move
Experiment (NARE) 1 ship 1997 VOC, Surface Meteorology oduction.php over the ocean, measurements were made a numlaadadnd island sites in Maine,

Footnotes:

1. EPA -- Environmental Protection Agency

NASA -- National Aeronautics and Space Adstirtion

NOAA -- National Oceanic and Atmospheric Adrstration

NPS -- National Park Service

NSF -- National Science Foundation
CARB -- California Air Resources Board
CEC -- California Energy Commission

UCSD -- University of California San Diegac(ipts Institution of Oceanography)

Nova Scotia, and Sable Island. Acadia National Parkicipated in this study

2. This study is part of the Central California Quality Studies (CCAQS) which comprise the Caiifa Regional Particulate Air Quality Study (CRPAG®d the Central California Ozone Study
(CCOS). CCAQS is a multi-year effort of meteorokmjiand air quality monitoring, emission inventdgyvelopment, data analysis, and air quality sinerianodeling. Prior studies in California
included: Southern California Ozone Study (SCOS91997; Integrated Monitoring Study (IMS95) --98) San Joaquin Valley Air Quality Study (SJVAQS)1990; SARMAP Ozone Study -- 1990;
Southern California Air Quality Study (SCAQS) --8R

3. Historically, there have been many other falitlies in the 1960's - 1990's that are not refteit this table that involve both fixed monitorisites and aircraft; well known examples include
Regional Air Pollution Study (RAPS), Large PowearR|Effluent Study (LAPPES), Northeast Corridor Regl Modeling Program (NECRMP), Northeast Regiddzidant Study (NEROS),
Persistent Elevated Pollutant Episode (PEPE), aké Michigan Ozone Study (LMOS).

4. In addition to the air monitoring networks aethted studies detailed in this table that amnarily concerned with lower tropospheric air pathat there are a large number of observations and
studies conducted by NASA, NOAA and others thatesilsuch topics as (1) upper tropospheric antbspifaeric ozone and aerosols, (2) cloud proceasds(3) validation experiments for satellite
observations. These studies include but are miteld to:

-- Stratospheric Tropospheric Exchange ProjecE(TF 1987

-- Airborne Antarctic Ozone Experiment (AAOE) —8I®
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-- Airborne Arctic Stratospheric Experiment (AASE1989

-- Airborne Arctic Stratospheric Experiment |l (&&2) — 1992

-- Stratospheric Photochemistry Aerosols and Dyoaixperiment (SPADE) — 1993

-- Airborne Southern Hemisphere Ozone Experiméfedsurements for Assessing the Effects of Stramgphircraft (ASHOE/MAESA) — 1994
-- Stratospheric Tracers of Atmospheric Transf®RRAT) — 1995-1996

-- Tropical Ozone Transport Experiment (TOTE) afwdtex Ozone Transport Experiment (VOTE) — 1995699
-- Subsonic Aircraft: Contrail and Clouds Effe8igecial Study (SUCCESS) — 1996

-- Photochemistry and Ozone Loss in the ArcticiBe@ Summer (POLARIS) — 1997

-- Subsonic Assessment: Ozone and Nitrogen Oxigerfiment (SONEX) — 1997

-- Texas Florida Underflights A (TEFLUN) — 1998

-- The Third Convection and Moisture Experiment (@&X 3) — 1998

-- TRMM Brazil Validation Experiment (TRMM-LBA) —499

-- TRMM Kwajalein Validation Experiment (KWAJEX) £999

-- Nauru 1999 Field Campaign — 1999

-- South African Fire-Atmosphere Research Initiat2000 (SAFARI) — 2000

-- SAGE Il Ozone Loss and Validation Experimen®{(/E) — 1999-2000

-- ERAST Predator-B RPV Homepage (ERAST) — 2000

-- CAMEX 4 The Fourth Convection and Moisture Expemt (CAMEX 4) — 2001

-- East Pacific Investigation of Climate (EPIC) 208eld Program — 2001

-- The Cirrus Regional Study of Tropical Anvils a@drus Layers-Florida Area Cirrus Experiment (CRYA: FACE) — 2002
-- The SAGE Il Ozone Loss and Validation Experitn¢OLVE II) — 2003

-- The Aura Validation Experiment (AVE) — 2004

-- The Intercontinental Chemical Transport ExpenimeNorth America (INTEX-NA) — 2004

-- The Aura Validation Experiment Houston (AVE Hewrs) — 2004

-- North American Monsoon Experiment (NAME) — 2004

-- Winter Storms Reconnaissance Program 2004 (W&8202004

-- Polar Aura Validation Experiment (PAVE) — 2005

-- The Tropical Cloud Systems and Processes Mig3iGi$P) — 2005

-- UAS Flight Demonstration Project 2005 — 2005
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APPENDIX G. SATELLITE — BASED AIR QUALITY OBSERVIN G SYSTEMS'

Instrument

Satellite
Platform*

Lead
Agency

Initiated

Measurement Parameter$

Orbit &
Horizontal
Resolution

Location of
Information
and/or Data

OoLS
(Operational Linescan System

)

DMSP
satellites

Identify fires and smoke plumes

Polar
Imagery only

http://www.af.mil/factg

heets/factsheet.asp?f
D=94

BUV http://nssdc.gsfc.nasalfi]
(Backscatter Ultraviolet Nimbus 4 NASA 1970-1980 03, CO2, SO2 Sun synchronous| ov/database/MasterCH
Spectrometer) alog?sc=1970-025A
SBUV http://jwocky.gsfc.nasg
(Solar Backscatter Ultraviolet|  Nimbus 7 NASA 1978-1993 03, SO2 Polar .gov/n7toms/nimbus
Spectrometer) ech.html
TOMS Nimbus 7 1978-1993 Polar http://toms.gsfc.nasa.|
(Total Ozone Mapping Meteor 3 NASA 1991-1994 03, SO2, Aerosols ~100km? ov/fltmodellspacecr.h
Spectrometer) Earth-Probe 1996-2005 ml
LIMS http://toms.gsfc.nasa.|
(Limb Infrared Monitor of the Nimbus 7 NASA 1978-1979 03, HNO3, NO2, Polar ov/n7toms/nimbus7tef
Stratosphere) h.html
ATMOS Spacelab 3 083, CFCI3, CF2CI2, CIONO2, HClI, . .
. 9 g . o . -4
(Atmospheric Trace Molecule| ATLAS - NASA 11%%53 11%%% HF, CO, CH4, HCN, HNO3, NO, —p—Jp—h“ovfgten’]’;ﬁsl?)' r?fnsf i
Spectroscopy) 1,23 ’ NO2, N20O, N205, Aerosols —
CLAES UARS 03, CFCI3, CF2CI2 CIONO2, CH4, htto://umpaal.asfc.nas
(Cryogenic Limb Array Etalon NASA 1991-1993 HNO3, NO, NO2, N20, N205, R-lumpga.gsic.
.gov/
Spectrometer) Aerosols
HALOE . |
(Halogen Occultation UARS NASA | 1991-2005 Ol HIch, HI7, € [RIo), ez, R
h Aerosols .gov/
Experiment)
ISAMS : 9
(Improved Stratespheric and UARS NASA 1991-1992 03, CO, CI—|A4érl(\)l§ﬁS, N20, N205, hnp.//urﬁpg\a;/l.qsfc.na
Mesospheric Sounder)
. s UARS NASA | 1991-1999 | 03, CIO, CH3CN, HNO3, SO2 hup:/fumpgal.gsfc.nag
(Microwave Limb Sounder) -gov/
GOES Imager ) Fire products for WF_ABBA . http://www.nesdis.nog
(Geostationary Operational gggg_ig NOAA 1994 (imagery) and GASP (aerosol optical Gefxs‘t‘alilnc%nary a.gov/sat-
Environmental Satellites) depth) products.html
GOES Sounder s . |
(Geostationary Operational Cols NOAA 1994 Total column O3 Geostationary e
. 3 GOES-12 du/goes/data.html
Environmental Satellites)
NOAA-15 Aerosol optical depth, particle size . .
AVHRR? . i ¢ http:/noaasis.noaa.qd
. NOAA-16 information and vegetation/drough Polar
ééggﬁ?gi%i%%gggr) NOAA-17 NOAA 1998 index products related to air quality| ~1x1 knt /NOAASI%/{”Vth”‘h
NOAA-18 through fires -
(Solar BacisBclil\tﬁez:ed Ultraviolg MOAAELS W21 246 27115 OF T2 SI7EEe (2 hntgg{a/méizt%ﬁine
Radiometer NOAA-17 NOAA 2000 top of atmosphere in ~5 km thick Polar * * i
Model 2) NOAA-18 Umkehr layers —




APPENDIX G.

SATELLITE — BASED AIR QUALITY OBSERVIN G SYSTEMS' (continued)

MOPITT Polar http://www.eos.ucar.ef
(Measurement of Pollution in| EOS Terra NASA 1999 CO, CH4 22 % 22 ki B: u/m6 itt/. *
the Troposphere) Umopity
http://www-
MISR Aerosol properties and plume heigh Polar misr.jpl.nasa.gov/misg
(Multi-angle Imaging EOS Terra NASA 1999 . prop [l €19 r.JpL. Lg
SpectroRadiomenter) information near the vicinity of fires ~1x1 knt on/introduction/welco
P me.html
MODIS 03, Aerosol optical depth, particle . [
(Moderate Resolution Imaging IIEEgSS;‘I'errg\ NASA %ggg size information, fine particle fractior, ch:)LIakrn? http.//mo?a(rjch.qsr:‘c.n I
Spectroradiometer) qu and forest fires X a.goviindex.php
Total column ozone, surface
temperature, temperature and moisti
AIRS vertical profiles, (plus under Polar NP
(Atmospheric Infrared Sounde! EOS Aqud NS ALY development are CO and CO2 total 50km Mtf0G/ IS |pEAEEE.00
column, O3 vertical distribution, and
CH4 distribution)
http://aura.gsfc.nasa.qf
HIRDLS 03, CFC11, CFC12, CIONO2, CH4 vindexhin
(High 5&10'5’332 d2¥;am'cs EOSAurd | NASA 2004 HNO3, NO2, N20, N205, Aerosols Polar http://www.nasa.gov/
mission_pages/aura/q
acecraft/index.html
http://aura.gsfc.nasa.g
v/index.html
MLS 03, BrO, CIO, HOCI, HCI, CO, HCN
(Microwave Limb Sounder) | EOSAUrd | NASA AL CH3CN, HNO3, N20, OH, HO2 POIET http://www.nasa.gov.
mission_pages/aura/g
acecraft/index.html
http://aura.gsfc.nasa.g
v/index.html
OMI 03, BrO, OCIO, HCHO, NO2, SO2 Polar
(Ozone Monitoring Instrument EOS Aurd NASA 2004 and aerosols 48 x 48 knd http://www.nasa.gov/
mission_pages/aura/q
acecraft/index.html
http://aura.gsfc.nasa.g
TES Polar v/index.html
(Total Emission Spectrometer EOS Aurd NASA 2004 03, CO, CH4, HNO3 26 x 42 kit http://www.nasa.govi
P mission_pages/aura/s
acecraft/index.html
CALIPSO http://www-
(Cloud-Aerosol Lidar & Aerosol optical depth, backscatter, Polar ) -
Infrared Pathfinder Satellite CALIPSO NASA 2005 extinction 0.3 x 0.3 kr calipso.larc.nasa.gov
Observations) bout/
OMPS NPOESS - To be T T e Rouer o, e o http://www.ipo.noaa.g
(Ozone Mapping and Profiling] Preparatory | NOAA launched P Polar ov/index.php?pg=pro
Suite) Project 2010 LS L
VIIRS NPOESS - To be http://www.ipo.noaa.g
(Visible Infrared Imaging Preparatory NOAA launched Aerosol optical depth Polar ov/index.php?pg=pro,
Radiometer Suite) Project 2010
Orbiting Carbon Observatory oco NASA (fi(i)lgz) CO2 Polar http://oco.jpl.nasa.go
APS & TIM Sun- synchronous .
(Aerosol Polarimetry Sensof Glory NASA 2009 Black carpon ;oot, other agrosols, circular, Low http://glory.gsfc.nasa.f
(planned) total solar irradiance, cloud images ov/

Total Irradiance Monitgr

Earth Orbit




APPENDIX G. SATELLITE — BASED AIR QUALITY OBSERVIN G SYSTEMS' (continued)

SCIAMACHY http://envisat.esa.int/i
(Scanning Imaging Absorption Envisat ESA 2002 Total column for O3, NO2, BrO, Polar strpu.ments/sc.iaméch
Spectrometer for Atmospherig OCIO, SO2, HCHO, aerosols 60 x 30 knmd e —

Chartography)

http://earth.esa.int/er
GOME & GOME-2 4 gome/
(Global Ozone Monitoring Mi?os '_ZA SR %ggg Tz COIUEELOCSO:&E;?S’ ERE 20 Ecjllgrk " http://www.esa.int/es
Experiment) P ’ LP/SEMTTEG23IE_L|
Pmetop_0.html
IASI Polar http://smsc.cnes.fr/IA
(Infrared Atmospheric MetOp-A ESA 2006 03, CO, CH4 50 x 50 km b I/inde>.< htm.
Sounding Interferometer) ——

Footnotes:

1. Some instrument systems listed (e.g., UARS/HE).@re oriented primarily to stratospheric measemsand may have limited application to the trpbese.
2. Note that many of the satellite instruments &lsve the capability to measure temperatus®, &hd other parameters.

3. NOAA satellites as early as 1978 have carrig®#HRR, and as early as 1985 have carried BUV/2

4. CALIPSO -- Cloud-Aerosol Lidar & Infrared Paitider Satellite Observations

DMSP -- Defense Meteorological Sateltegram

EOS -- Earth Observing System

ESA -- European Space Agency

GOES -- Geostationary Operational Envinental Satellites
NASA -- National Aeronautics and Spaceruistration

NOAA  -- National Oceanic and Atmosphekiministration

NPOESS -- National Polar-orbiting Operatidaavironmental Satellite System

OCO -- Orbiting Carbon Observatory

UARS -- Upper Atmosphere Research Staelli
5. This satellite is part of the A-Train groupsatellites. It will involve for the first time gllites flying in a formation that crosses the & one satellite at a time, a|
few minutes apart, at around 1:30 pm local timee AhTrain is made up of Aqua, Aura, CALIPSO, andl imclude Glory in 2009; it also includes Cloud$%2005) —
data on the structure of ice and water clouds,RARIRIASOL (2004) — data on the directional charasties and polarization of light reflected by thethand
atmosphere, including aerosol optical depth. Thgetheir overlapping science instruments will giveomprehensive picture of Earth weather and téima




APPENDIX H.
AIR MONITORING NETWORKS FOR CLIMATE FORCING, TRANSP ORT,
VERTICAL PROFILE INFORMATION, AND STRATOSPHERIC OZO NE

Lead . .
Number - Location of Information
Network Federal g Initiated Measurement Parameters
of Sites and/or Data
Agency
Global Monitoring Division Baseline Observatories
CIOE. (o) Bk, S0, 08, BAE, [2e, 12 http://www.cmdl.noaa.gov/obop/
Mauna Loa NOAA 1 1957 CFCs, HCFCs, HFC's, Aerosols, Solar| 2 e eaad B
Radiation, Surface Meteorology =
€02, CO, CH4, SO2, O3, SF6, N20, H2 http://www.cmdl.noaa.gov/obop/
Point Barrow NOAA 1 1973 CFCs, HCFCs, HFC's, Aerosols, Solar B: * W'/ 9 P
Radiation, Surface Meteorology —
CO2, CO, CH4, SO2, 03, SF6, N20, H2 .
Samoa NOAA 1 1974 CFCs, HCFCs, HFC's, Aerosols, Solar AR e S0 R
e mo/
Radiation, Surface Meteorology
€02, CO, CH4, SO2, O3, SF6, N20, H2 http://www.cmdl.noaa.gov/obop/
South Pole NOAA 1 1957 CFCs, HCFCs, HFC's, Aerosols, Solar| T cmeeasd B
Radiation, Surface Meteorology -
CIOE: (o) Bk, B0, 08, BAE, [2e, 12 http://www.cmdl.noaa.gov/obop/
Trinidad Head NOAA 1 2002 CFCs, HCFCs, HFC's, Aerosols, Solar| "2 R B
Radiation, Surface Meteorology -
Global Monitoring Division -- Carbon Cycle Greenhowse Gases Group (CCGG)
Observatory Measurements NOAA 4 1957 See above baseline observatories http://WWW'C?SL?;?&QOWCCQQ/'
S . C0O2, CH4, CO, H2, N20, and SF6, stablge http://www.cmdl.noaa.gov/ccgg/fi
Cooperative fixed sites NOAA 62 1967 isotopes of CO2 and CH4 Ssk.html
Commercial Ships ?2??7?? ?2??7?? ?2??7??
University of Washington
03, CO, Aerosols, Solar Radiation, Surfa http://www.washington.edu/rese
Cheeka Peak Observatory None 1 1997 Meteorology hifield/
03, CO, NO/NO2, Aerosols, Hg, Surface http://research.uwb.edu/jaffegro
Mt. Bachelor Observatory None 1 2004 Meteorology modules/mbo_plot/
Vertical Profile and Other Measurement Networks
5 Current CO, CH4, SF6, N20, H2, CFCs, HCFCs
ALE / GAGE /| AGAGE HFC's, methyl chloroform, carbon http://cdiac.ornl.gov/ndps/alegag
NASA 2 1978 ;
Network . . tetrachloride, chloroform, perchloroethylen tml
Discontinued
halons & others
CO2, CO, CH4, H2, CECs, methyl http://www.esrl.r_woaa.qov/qmd/cc
chloroform, carbon tetrachloride [towers/index.html )
Tall Tower Measurements NOAA 8 1992 ' N http://www.nacarbon.org/cgi-
chloroform, sulfur hexafluoride, nacp/web/investigations/inv_pap
perchloroethylene 2pgid=171
Research Wind Profiler NOAA VETEIE 299 Vertical wind and temperature profiles, e e i T
Network surface meteorology
. Lidar measurements for mixing height and
REALM — Regional East . N )
Atmospheric Lidar Mesonet NOAA 13 2004 vertical profiling of aerosols, ozone and http://alg.umbc.edu/REALM/
water vapor
Weekly Upper Air measurements of ozon i e L TR A
Ozonesonde Network NOAA 3(9?) ?2?? temperature, and humidity information fro - - y -
- sondes/
surface to approximately 32 km
SHADOZ Network Upper air measurements of ozone
(Southern Hemisphere NASA 12 1998 PP ’ http://croc.gsfc.nasa.gov/shado

ADditional Ozonesondes)

temperature, and humidity




APPENDIX H.
AIR MONITORING NETWORKS FOR CLIMATE FORCING, TRANSP ORT,
VERTICAL PROFILE INFORMATION, AND STRATOSPHERIC OZO NE (continued)
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http://www.cmdl.noaa.gov/ccgg/
craft.html

Aircraft Measurements NOAA airport sites 1992 CO2, CH4, N20, CO, H2, SF6 http://www.nacarbon.org/cgi-
P nacp/webl/investigations/inv_pgp
?pgid=171
Networks for Halogenated Multiple nitrous oxide (N20), CFCs, HCFCs, HFC .
Gases and Ozone ez platforms Lo CH3Br, CH3CI, CH3l), halons e
Network for Aerosols NOAA Multiple mid-1970s light absorption, total _scattermg and http://www.cmdl.noaa.gov/aero.
platforms backscattering
DOE, ~50
Ameriflux NOAA, Micrometero . . http://public.ornl.gov/ameriflux/in
CO2 exchange network USDA, logical 5 (CIo, e e EE VR ES ex.html
NASA towers
~150
FluxNet International M|cror_netero 1996 CO2, meteorological variables http://www.fl_uxnet.ornl.qov/fluxne
CO2 exchange network logical /index.cfm
towers
North American Carbon Multiple Multiple
Program Atmospheric artici pants IatfoFr)ms 2001 CO, CO2, CH4 http://www.nacarbon.org/nacp/
Observing System P P P
AERONET --AErosol RObotic 22 + other 1998 Aerosol spectral ontical depths. aerosol si http://aeronet.gsfc.nasa.gov/inde
NETwork NASA co- | participants SO spe p =pths, i tml
located distributions, and precipitable water
MPLNET ?\lg/lt\ll\r;‘g(:l—(pulse Lidar networks 8 2000 Aerosols and cloud layer heights http://mplnet.gsfc.nasa.gov/
International Aircraft Measurements
MOZAIC
(Measurement of ozone, wate 2500 Airbus htto:/Avww. fz-iuelich.defica/ica-
vapour, carbon monoxide and None international 1994 03, H20, CO, NOx p: ii/n%ozlaic/hor.ne gricy
nitrogen oxides aboard Airbug flights/year -
in-service aircraft)
NOXAR 500 Swiss
(Measurements of Nitrogen Air flights to ) http://www.iac.ethz.ch/en/resear
Oxides and Ozone Along Air None U.S. and far 1995 - 1996 03, NO, NO2 chemie/tpeter/Noxar.html
Routes) east
CARIBIC
(Civil Aircraft for the Regular ~100 . -
Investigation of the atmosphel  None Lufthansa 1997 €i0), O, G0, Gt CIOZ NZ(? ISF% ek hitt ”WVLW (_:arlblc/
Eeer] 6 e RS EsT: flights Position & Meteorology and Cloud cover. atmospheric.com
Container)
262 flights
AMATRAS ) .
(Atmospheric Measurement b None Jt;ete\:\;]eggd 1993 CO2, CH4, CO and SF6 http./M.ﬁk:\:ﬂo&n{gg{gre;l?/ooo
Airliners for Trace Species) pan a 4 L
Australia
NOAA Research Observing Systems
(Systems typically incorporated in intensive fiekimpaigns)
. 03, NO, NO2, NOy, VOCs, CO2, CO, SO
R/\L/olzl(()r?gle((jj ':Ivgrgg n, NOAA aisrzll'gft 55 HNO3, NH3, other reactive pollutants, | http://esrl.noaa.gov/csd/2006/p3si
Twin Otter airoraft Y aerosols, meteorological parameters & up, ence.html

air, altitude




Appendix I. Acronyms

Monitoring-Related Terminology

AOD — Aerosol Optical Depth

AQI — Air Quality Index

AQS — Air Quality System

CAA — Clean Air Act

CFR — Code of Federal Regulations

CMAQ — Community Multiscale Air Quality Model
CTM — Chemical Transport Model

FEM — Federal Equivalent Method

FDDA — Four-Dimensional Data Assimilation
FRM — Federal Reference Method

FTIR — Fourier transform infrared spectroscopy
GHG - Greenhouse Gas

HAPs — Hazardous Air Pollutants

LIDAR - Light Detection And Ranging

NAAMS — National Ambient Air Monitoring Strategy
NAAQS — National Ambient Air Quality Standards
NATA — National Air Toxics Assessment

NMOC — Non-Methane Organic Carbon

PBL — Planetary Boundary Layer

POP — Persistent Organic Pollutant

RASS — Radio-Acoustic Sounding System

SIP — State Implementation Plan

VOC - Volatile Organic Compound

Government Agencies and Sponsored Organizations
AQRS — Air Quality Research Subcommittee (CENR)
CENR — Committee on Environment and Natural Resgsurc
CEQ — Council on Environmental Quality

DOE — Department of Energy

DOI — Department of the Interior

EPA — Environmental Protection Agency

ESA — European Space Agency

GEO - Group on Earth Observations

GMES - Global Monitoring for Environment and Setyri
HEI — Health Effects Institute

IGAC - International Global Atmospheric Chemistmpject
NACP — North American Carbon Program

NARSTO — North American Research Strategy for Tegb@ric Ozone
NAS — National Academy of Sciences

NASA — National Aeronautics and Space Administratio
NOAA — National Oceanic and Atmospheric Administrat
NPS — National Park Service

NRC — National Research Council




NWS — National Weather Service

OSTP - Office of Science & Technology Policy
USGEO - United States Group on Earth Observations
USDA - United States Department of Agriculture
USGS - United States Geological Survey

WMO - World Meteorological Organization

Monitoring Networks

AERONET — AErosol Robotic NETwork

AGAGE — Advanced Global Atmospheric Gases Experimen

AIRMoN — Atmospheric Integrated Research Monitorhefwork

ALE — Atmospheric Lifetime Experiment

AMNET — Atmospheric Mercury Network (NADP)

ASOS - Automated Surface Observing System (NOAA)

BSRN — Baseline Surface Radiation Network

CARIBIC — Civil Aircraft for Regular Investigatioaf the atmosphere Based on an

Instrument
Container

CASTNET — Clean Air Status and Trends Network

CSN — Chemical Speciation Network

GAGE - Global Atmospheric Gases Experiment

GALION — GAW Atmospheric Lidar Observation Network

GAW — Global Atmospheric Watch

GEMS - Global and regional Earth-system (Atmosphil@nitoring using Satellite
and in-situ data

GEOSS - Global Earth Observation System of Systems

IADN — Integrated Atmospheric Deposition Network

IGACO - Integrated Global Atmospheric Chemistry @tations

IMPROVE - Interagency Monitoring of Protected Visgavironments

MACC — Monitoring Atmospheric Composition and Clitea

MADIS — Meteorological Data Ingest System

MDN — Mercury Deposition Network

MOZAIC — Measurement of OZone, water vapor, cariammoxide and nitrogen oxides
aboard in-service Alrbus aircraft

MPLNET — Micro Pulse Lidar Network

NADP — National Atmospheric Deposition Program (NRAD

NATTS — National Air Toxics Trends Stations

NCore — National Core Network

NDACC — Network for the Detection of Atmosphericr@position Change

NEUBREW — NOAA-EPA Brewer Spectrophotometer UV @ubne Network

NPN — NOAA Profiler Network

NTN — National Trends Network (NADP)

PAMS — Photochemical Assessment Monitoring Stations

SEARCH - SouthEastern Aerosol Research and Chaeatten Study

REALM — Regional East Atmospheric Lidar Mesonet

SIRD — Supersites Integrated Relational Database




SLAMS - State and Local Air Monitoring System

SOS - Southern Oxidants Study

STN — Speciation Trends Network

SURFRAD - SURFace RADiation budget observing networ
TAMDAR - Tropospheric Airborne Meteorological Ddeporting
VIEWS - Visibility Information Exchange Web System

UATMP — Urban Air Toxics Monitoring Program

Intensive Field Campaigns

ARCTAS - Arctic Research of the Composition of Tweposphere from Aircraft and

Satellites

AUSPEX — Atmospheric Utility Signatures, Predicscand Experiments

EMEFS - Eulerian model evaluation field study

HTAP — Hemispheric Transport of Air Pollution

ICARTT — International Consortium for Atmospheriesearch on Transport and

Transformation

INTEX-NA — Intercontinental Chemical Transport Exipeent North America

INTEX-B — Intercontinental Chemical Transport Expegnt Phase B

ITCT — Intercontinental Transport and Chemical Bfarmation

MILAGRO — Megacity Initiative: Local and Global Resrch Observations

NARE — North American Regional Experiment

NEAQS - ITCT 2004 — New England Air Quality Studintercontinental Transport
and Chemical Transformation

POLARCAT - Polar Study using Aircraft, Remote SegsiSurface Measurements
and Models, of Climate Chemistry, Aerosols, andh§pert

RAPS — Regional Air Pollution Study

SJVAQS - San Joaquin Valley Air Quality Study

TexAQS — Texas Air Quality Study

TRACE-P — Transport and Chemical Evolution overPaeific

Satellite-Oriented Programs, Systems & Terms

ACE - Aerosol-Cloud-Ecosystems mission

EOS — Earth Orbiting System

CALIPSO - Cloud-Aerosol Lidar and Infrared Path&n&atellite Observation satellite
GEO — Geostationary satellite platform

GEO-CAPE - Geostationary Coastal and Air Pollutments

GACM - Global Atmospheric Composition Mission

GOES - Geostationary Operational EnvironmentallBate

GOME - Global Ozone Monitoring Experiment

GOSAT — Greenhouse gases Observing SATellite

LEO — Low Earth Orbit

MODIS — Moderate Resolution Imaging Spectroradi@net

MOPITT — Measurements of Pollution in the Troposphe

NESDIS — National Environmental Satellite, Datag &mformation Service (NOAA)
NPOESS — National Polar-orbiting Operational Envimnental Satellite System
NPP — NPOESS Preparatory Project




OCO - Orbiting Carbon Observatory

OMI — Ozone Monitoring Instrument

PARASOL — Polarization and Anisotropy of Reflectasdor Atmospheric Sciences
coupled with Observations from a Lidar

POES - Polar Operational Environmental Satellite

PROMOTE - PROtocol MOniToring for the GMES Senvitlement: Atmosphere
SCIAMACHY — SCanning Imaging Absorption SpectroMdtm Atmospheric
CHartographY

TOMS — Total Ozone Mapping Spectrometer

TOR — Tropospheric Ozone Residual



